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571 ABSTRACT

The present invention refates to a keratinocyte growth factor
fragment, KGF,,;..29. Or an analog thereof that is composed
of & portion of an amino acid sequence of matre. full leagth
keratinocyte growth factor. KGF,¢,. The fragment exhibits
at least a 2-fold increase in mitogenic activity as cormpared
to @ mawure, recombinant keratinocyte growth factor. rKGE,
but lacks a sequence comprising the first 23 amino acid
residues, C-N-D-M-T-P-E:Q-M-A-T-N-V-N-C-§-§-P-E-R-
H-T-R- (SEQ ID NO: 2) of the KGF ¢, N-terminus. The
present invention also relates to a DNA molecuie encoding
KGF,,,1.22. an expression vector and a transformed host
containing the DNA molecule, and 2 method of producing
KGF,,,;.25 by culturing the transformed host. The present
invention further relates to a conjugate of KGF,,,, ., and a
toxin molecule, and the use thereof for treatment of hyper-
proliferative disease of the epidermis. Morcover, the present
invention relates to a therapeutic composition containing
KGF,,,;.23 and a pharmacentically acceptable carrier and
the use thereof for wound healing purposes.

13 Clsims, § Drawing Sheets
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Lclmg Form Start - 10 -CHO Site

CYS-ASN-ASP-MET-THR-PRO-GLU-GLN~-MET-ALA-THR-ASN-VAL-ASN-CYS-
| Short Form Start |

16 20 25 \ 30

SER-SER-PRO-GLU-ARG-HIS-THR-ARG+SER-TYR-ASP-TYR-MET-GLU-GLY-

3] 35 40 f 45
6LY-ASP-ILE-ARG-VAL-ARG-ARG~LEU-PHE-CYS-ARG-THR-GLN-TRP-TYR~
46 50 55 \ 60
LEU-ARG-ILE-ASP-LYS-ARG-GLY~LYS-VAL-LY3-GLY-THR-GLN~GLU-MET-
61 65 70 75
LYS-ASN-ASN-TYR-ASN-ILE-MET-GLU-1LE-ARG-THR-VAL-ALA-VAL-GLY-
76 80 85 90
ILE-VAL-ALA-1LE-LYS-6LY-VAL-GLU-SER-6LU-PHE-TYR-LEU-ALA-MET-
91 95 100 \ 105
ASN-LYS-GLU-BLY~LYS-LEU-TYR-ALA-LYS-LYS-GLU-CYS-ASN-G6LU-ASP-
106 110 115 120
CYS-ASN-PHE-LYS-GLU-LEU- ILE-LEU-GLU-ASN-HIS-TYR-ASN-THR-TYR-
121 125 130 | 135
ALA-SER-ALA-LYS-TRP-THR-HIS-ASN-GLY-GLY-GLU-MET-PHE-VAL-ALA-
136 140 145 150
LEU-ASN-GLN-LYS-GLY-ILE-PRO~VAL-ARG-GLY-LYS-LYS-THR-LYS-LYS-

151 155 160
GLU-GLN-LYS-THR-ALA-HIS-PHE-LEU-PRO-MET-ALA-TLE-THR

FIG. |
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TRUNCATED KERATINOCYTE GROWTH
FACTOR (KGF) HAVING INCREASED
BIOLOGICAL ACTIVITY

This application is a continuation of application Ser. No.
08/086.427 filed on 29 Jun. 1993, now abandoned.

FIELD OF THE INVENI’ION

The present invention relates generally fo kexatinocyie
growth factor (“KGF"). More specifically, this invention
relates to a KGF fragment and analogs thereof having
increased biological activity, and decreased cytotoxicity as
compared to a mature, recombinant. full length KGF
expressed in an insect ccll expression system. This KGF
fragment lacks the first 23 amino -acid residues. of the
N-terminus of mature, full-lepgth KGF, including a potential
glycosylation site. The N-terminus was previously believed
to confer upon KGF its epithelial cell specificity.

KGF belongs to the family of fibroblast growth factors
(“FGFs"), the prototype of which is represented by basic
FGF (“bFGF"). KGF is. hence, also known as PGF-7. Like
other FGFs, KGF is a heparin-binding protein, but unlike
other FGFs, &t has a unique target cell specificity. In
particular, FGFs are generally capable of stimulating the
proliferation and differentiation of 4 variety of cell types
derived from the primary or secondary mesoderm as well as

from neuroectoderm. KGF is similar to other FGFs ig its.

ability to stimulate epithelial cell proliferation, but is dis-
similar to other FGFs in its inability to stimulate endothelial
cells or fibroblast proliferation, as discussed in Finch, P, W.

2
fold higher than bFGF. as discussed i Miki ct al. (1992).
and Dell et al. (1992). loc. cit.
The tightly restricted tissue distribution of KGFR to
epithelial cells and, therefore, the tssut restricted activity of
KGF, is desirable in many types of wound healing

_ applications, as well as in the treatmicnt of hyperproliferative

15

discases of the epidermis,. such as® psoriasis and basat cell
carcinoma. Presently, except for KGF. no highly suitable
factor exists' for these applications. it would be desirable.
therefore, if KGF could be modified to increase its potency

- and decrease its cytotoxicity for therapeutic applications.

Recently, Ron et al., J. Biol. Chem. 268:2984-2988
{February 1993) found that whien KGF, s, was expressed in
a prokaryatic cxpressxon systcm. # recombinamt KGF
(TKGF"y polypeptide could be obtained that possessed
mitogenic activity. When the tKGF molecule was truncated
by deletion of 3, §; 27. 38, and 48 amino acid residues from
the N-terminus. of the mature KGF ¢, ipolypeptide, biologi-

cal activity of the resulting molecules varied. With deletion
of 3 and 8 amino acid residues, respectively. the mitogenic
activity of thie resulting roofecules did not appear to be
affected as compared to ﬁm-lcngﬂa rKGFE Deletion of 27
amino acid residues, however, resalted in. molecules that
display 10-20 fold rediced mitogenic activity. Deletion of
38 and 48 amine acid residucs, respectively, resulted in
complete loss of m;togemc activity -and  heparin-binding

. ability. Ron et al.. however. failed to produce any truncated

et al., Science 245: 752-755 (1989). Mature, full-length \

KGF. designated herein as KGF 4. is 3 polypeptide with

163 amino acid residues, and possesses a potcnual ’

N-glycosylation site at amino acid; 14 of the coasensus
sequence for glycosylation that extends from amino -acid
residue 14 to 16 at the N-terminus, a5 indicated in Finch ot
al. (1989). loc. cit.

BACKGROUND OF THE INVENTION

FQFs, including acidic fibroblast gmwth factor (“aFGF™)
and basic fibroblast growth factor (“bFGF™). are known to
have heparin-binding properties and have the ability to
induce the differentiation and proliferation of ventral, as well
as dorsal, mesoderm in eary blastulae, as discussed in
Gospodarowicz et al., Cell. Biol. Rev. 25:307-314 (1991,
and Basilico et al,, Adv. Cancer Res. 59:115-165 (1992):
The response of cells to FGF is mediated through binding
thereof to cell surface receptors known as fibroblast growth
factor receptors (“FGFRs™), of which there are three inter-
related types. as discussed in Hou et al.. Science
251:665-668 (1991). High aﬂimty PFGFRs are tyrosine
kinases and include thé fig receptor (“FGFR-1"). the bek
receptor (“FGFR-2"), and the K Sam receptor (“FGFR-37),
as discussed in Lee et al., Sclence 245:57-60 (1989); Dioanc
et al., EMBO J. 9:2685-2692 (1990); Miki et al., Science
251:72-75 (1991); Miki et al., Proc: Natl, Acad. Sci. USA
89:246-250 (1992); and Dell et al., J. Biol. Chem.
267:21225-21229 (1992).

Both FGFR-1 and FGFR-2 are widely expressed in meso-
dermal and peuroectodermal tissues. and both are able to
bind aFGF and bFGF with similar affinities, FGFR-3, also

referred to as KGFR, is & KGF receptor that is' specific to.

epithelial cells. It is an alternative transcript of FGFR-2. In
contrast to FGFR-2, which shows high affinity for both
aFGF and bFGF and uo affinity fo KGF, FGFR-3 binds
KGF and aFGF with an aﬂimty apptox:mately 20 to 1000

1KGF fragmcnm that possessed increased mitogenic activity
as compaxeq to the full-length rI;GF ‘molecule.

SUMMARY OF THE INVENTION
One of the objoas of the present invention is to provide

aKGF fragmcnt or an analog thereof that contains a portion
of the amino acid sequence of mature. full~lcnglh KGF and

- that exhibits at least a 2-fold. but preferably 7-fold. more
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preferably. a’ 7-10 fold increase in mitogenic activity as
compared to the mature, full-fength TKGE This KGF frag-
ment lacks & sequence comprising the first 23 N-terminal
amino acid residues, C-N-D-M-T-B-E-Q-M-A-T-N-V-N-C-
S-S-P-E-R-H-T-R- (SEQ ID NO: 2), of the mature, full-
length fTKGE

Another one of the objects of the present invention is to
provide 2 KGF fragment, as sbove, that has decreased
cytotoxicity as corapared o the matuce, full-dength rKGE.

Sill another one of the objects of thie presest invention is
to provide a conjugate that cmupzises the KGF fragment
described above and. a toxin moleculé. The toxin molecule
can be one of a ricin A molecule, & diphtheria toxin
molecule, or a saporin molecule.

Yet another one of the objects of the present invention is
to provide a therapeutic’ mmposman that contains the KGF
ﬁagmcnt as described above atid a pharmaceutically accept-
able carrier, for example, one suitable for topical application
to human skin.

Still another one of the objcas of the present invention is

to provide a DNA molecule that is composed of a nucleotide
sequence that encodes the KGF fragment described above.

Yet another one of the objects of the present invention is
to provide an expression vector that coutsins the DNA
molecule that encodes the KGF fragmient above and a
regulatory sequcnce for expression of the DNA molecule.
The expression vedtor can be. for example, a yeast. a
bacterial, a mammalian or a baculovirus expression vector.

Yet another one of the objects of the present invention is
to provide a host cell transformed with the expression vector
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described above. The host celi can be, for example. a
prokaryote such as a bacterial cell, or,a cukaryote such as a
yeast cell. 2 mammalian cell, or an insect cefl.
Yet another one of the objects of the present inveation is
to provide a method of producing the KGF fragment by

culturing the transformed host cell as described above and:

isolating the KGP fragment from the' culture.

Still another one of the objects of the preseat invention is
to provide a method of stimulating cpmwhal cell growth by
applying the KGF fragmeat {o an arga in which epithelial
cell growth is desired and allowing thc cells to grow.

Still another one of the objects of the present invention is

to provide a method for wound healing by applying the

therapeutic composition described above to an area of a
wound to be treated and allowing tht; wound to heal.

Still another one of the objects of the present invention is
to provide a method of treatinga hypcxprolifaattvc disease
of the epidermis by applying the conjugate described above
to an area to be treated.

Further objects, features, and advqutages -of the present
invention would be apparent to a person of ordinary skill in
the art and need not be enumerated here.

SUMMARY OF THE DRAWINGS

FIG. 1 shows the amino acid sequence of the mature.
full-length. human KGF polypeptide, beginning with the
N-terminus and containing 163 amino acid xesidues;havmg
a single consensus sequence for glycosylation at amino acdid
residues 14~16. The amino acid sequence of the mature
KGF polypeptide corresponds to amino acids nos. 32 to 194
of SEQ ID NO: 1.

FIG. 2 shows the pAcCl3 expressmn vector into wmch
the 163 amino acid sequence of KGF has been inserted. The
polylinker and flanking sequences shown in FIG, 2 are
referred as SEQ ID NO: 19 in the Sequence Listing.

FIG. 3 illustrates the protein clution profile (A). and
bioactivity profile (B) of the rfKGF obtained from a Mono S
HRS/5 cation exchange FPLC colump.

FIG. 4 compares the biologxcal activity of the long, Le.
full-length rKGF, and the short, i.c., IKGF 4.2, form of
KGF versus aFGF on the cclls of the Batt/Mk ocll line. The
figurc legend for FIG. 4 is as follows: O=KGF,,,, ;5.
@=KGF ;. and (O=aFGF. L

FIG. 5 compares the biological activity of the loog. ie..
full-length rKGF, and the short, ie., tKGF 4, . form of
KGF versus bFGF on vascular cndoﬂ:elial cells derived
from large vessels (A:ABAE cells) or capillary cells
(B:ACE cells).

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

It has been surprisingly discovered that a truncated..
unglycosylated KGF having a deletion spanning the first 23-

N-terminal amino acid residues of mature recombinant KGF
(“rKGF"). herein designated the' KGF fragment or
KGF,,,, ;5. possesses a much greater biological activity and
decreased cytotoxicity on epithelial cells as compared with
the mature, full-length rKGF. Generally, the KGF fragment
of the present invention retains the specificity of KGF for
stimulation of epithelial cell proliferation.

The following definitions are incorporated herein and are
provided for a better understanding of'the present invention.

Definitdons

As used herein, the term “keratinocyte growth factor” or
“KGF" refers to a member of & group of strueturally distinct

5
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proteins known as FGFs that display varying degrees of
sequence homology, suggesting that they are encoded by a
related family of genes. The FGFs share common receptar
sites on cell” surfaces. KGF, for enmplc can bind to
FGFR-3.

“Mamre, full-length KGF” or “long form of KGF” or
“KGF,g,." as used herein refers to the mature pol
that contains 163 anﬂnowdrmﬂuﬁ.as shown in FIG. 1.
;ng represeated by ammc acid residues 32 to 194 in SEQ ID

As used herein, “ﬁw KGF fragment” or “short form of
KGF” or “KGF,,,;.,9" refers 10 a po that is a
truneated version of KGF 3. lacking thie first 23 amino acid
residues at the N-terminus of KGF ;. The sequenee of the
23 deleted amino acié residues is shawn in SEQ ID NO: 2.
The properties of the KGF fragment inelude (i) its biological
activity such as at least a 2-fold, ptcﬁmbly, 7-fold and,
more preferably. a 7-10 fold increase in stimulation of
epithelial ‘cell prohfmuon as compared 1o the (KGF ¢
molecule, and (ii) its ability to bind to FGFR-3, The bio-
togical activity of the KGF fragment can be measured. for
cxample by the Balb/MKk cell- proliferation assay. described
in Example S, section C.

An “analog of KGF,,; or “analog of the KGF fragment”
herein refers to amino acid iusertions. deletions, or substi-
tutions in the relevant moleculs that do not substantially
affect its propertics. The KGF,, ;.5 analog herein retains at
least the 2-fold increase, preferably, the 7-fold increase,
more prefesably, the 7-10 fold increase in mitogenic activity
as compared to that of IKGF,q,. For example, the analog
herein can include conservative amino. acid substitutions in
the rKGF -, molécule.

“Conservative amivo acid subs&umons hercin are, for
example. those that ukc place within a family of amino
acids that are related in their side chains, The families of
amino acids iniclude (1) acidic: aspartic acid, glutamic acid;
{2) basic: lysine, arginine, histidine; (3) non-polar: alanine,

_valine, leucine,  iscleucine; prolwc‘ phienylalanine,
‘methionine, tryptophan; and {(4). uadmged polar: glycine,

asparagine, glutamine, cysteine serine, threonine, tyrosine.

'Phenylalanine, tryptophan, and- ‘tyrosing are sometimes clas-

sified Jomtly as a family of aromatic amino acids. In
particular, it is generally accepted thiat an isolated replace-
ment of a leucine with an isoleucine or valine, or an aspartic
acldthhaglsxmmcamd orathraonmemthasmne ora
similar conservative substitutions ‘of an amino acid with a
structurally. related amino ‘acid, in an avea outside of the
polypeptide’s active site will not have a major effect on the
properties of the polypeptide..

The term *recombinant” as. used: herein in relation to a
polynucleoude intends a polynucleotide of sczmsynﬁwtxc.
synthetic ; or encoded by cDNA. or genomic DNA
(“gDNA”) such that (1j it {5 aot asséclated with all or a
portion of a polynuc!eo&dc with which it is associated in
nature, (2) is linked to a polynucleotide other than that to
which it is linked in nature, or (3) does not occur in nature.

Avexpression vector” is a polynuataotzde that is operable
in a desired host cell and capable of cax:smg the production
of the KGF fragment, Examples of f:xpwssmn vectors arc
plasmids integrating. vectors, etc.

“reglnato:y sequence” refers to a polynucleondc
sequence that is necessary for regulation of expression of 2
coding sequence to which the polymucieotide sequence is

‘operably linked. The nature of such rchﬂatcwy sequences

differs- depending upon the host organism. In prokaryotes.
such regulatory sequences generally include, for exampie. a
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promoter, and/or a transcription termination sequence. In
eukaryotes, geaerally, such regulatory sequences include,
for example, a promoter andfor a transcription tcxmmaﬁon
sequence. The term “regulatory sequence™ may aiso include
additional components the presence of which are
advantageous, for example, a secretory leader sequence for
secretion of the polypeptide attached thereto.

“Operably linked” refers to a Juxtaposxm wherein the
components so described are in a relationship. permitting
them to function in their intended  manner. A regulatory
sequence is “‘operably linked” to a coding sequence when it
is joimed in such a way that expfession of the coding
sequence is achieved under conditions compatible with the
regulatory sequence.

A “coding sequence” is a polynucleotide sequence that i is
translated into a polypeptide, usually via mRNA, when
placed under the conmtrol of an #ppropriate regulatory
sequence. The boundaries of the coding sequence are gen-
erally determined by a translation start codon at its
5'-terminus and a translation stop codon at its 3'-terminus. A
coding sequence can include, but is ‘not limited to, cDNA,
and recombinaat polynucleotide sequences.

As “open reading frame™ (ORF).is a region of a poly-
nucleotide sequence that encodes a polypeptide. This region
may encode a precursor form of a mature polypeptide or just
the polypeptide.

“PCR" refers to the techniques of the polymerase chain
reaction as described in Saiki. et al., Nature 324:163 (1986);
and Scharf et al., Science 233: 10761078 (1986); U'S. Pat.
No. 4.683.195; and U.S. Pat. No. 4,683.202. As used herein,
x is “heterologous™ with respect to'y if X is not naturally
assomatodmttayorxisnotassouaxed“dthym the same
manner as is found in nature. \

“Homology™ refers to the degree of sequence identity
between x and y. Typically, the sequence identity between X
and y will be at least S0%. usually, the sequence identity will
be no less than 60%; more typically, the sequence identity
will be no less than 75%; preferably: no less than 80%; and
even more preferably at least 90%. Most preferably, the
sequence jdentity between x and y will be at least 95%. even
more preferably at least 98%. even more prefernbly at least
9% ‘ :

As used herein, the term “polypeptide” refexs to a polymer
of amino acids and does not refer to a specific length of the
product. Thus. peptides. oligopeptides, and protcins ate
included within the definition of polypeptide. This term also
does not exclude post-expression! modifications of the
polypeptide. for example, glycosylatwns. acetylations,
phosphorylations and the like. Included within the definition
are, for example, polypeptides containing one or more
analogs of an amino acid {including. for example, unnatural
amino acids), polypeptides with substituted’ Tinkages. as weil
as other modifications known in thc art, both naturally
occurring and non-paturally occurring.

As used herein, *“terminators™ are regulatory sequences,
such as polyadenylation and transcription termination

sequences, located 3' or downstream of the stop codon of the

coding sequences.

“Recombinant host celis.” “host cells,” “cells,” “cell
cultures.” and other such terms denote. for cxamplca
microorganisms. insect cells. and mammatian oells, that can
be or have been used as recipients for introduction: of
recombinant vector or other transfer DNA. and include the
progeny of the cell that has been transformed. Such progeny
inciudes those that may not necessarily be identical, in
morphology or in genomic ar total DNA complement as the

40
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original parent that may be pmduced as a result of natural,
accidental. or deliberate mutation. Bxampl:s of mammalian

host eells include Chmcse h,amsta ovary (“CHO™) and

monkey kidney (“COS™ cells

. As used herein, the term “mmmamsm includes
prokaryotic and oukaryoﬁc micsobial:species such as bac-

teria and fungi, the latter including yeast and filamentous

fungi.

“Transformation.” as used ha'cm. vefers to the transfer of
an exogenous polynucleotide nto a host cell, irrespective of
the method used for the tragster, which can be. for cxampie
by infection., direct. uptake, transduction; F»manng icro-
injection or electroporation. The exogenous polynucleotide
may be maintained as a non-integrated vector, for example.
a plasmid, or akematwely. may be' wf.cgmtcd into the host
genome.

“Purified” ‘and “xsalatcd" imreferonce o a polypeptide or
a nucleotide sequence means that the indicated molecule is
present in substantial absence of other biological macromol-
coules: ofthesamespecwsortype The tean “pusified” as
used herein means at least 75% by wagm preferably. at
least 85% by weight, more preferably. at least 95% by
weight and, most preferably; at least 98% by weight. of
biological macromolecules of the same type are present, but
water, buffers, and other small moiecales, especially mol-
ecules having a molecular weight of less than 1000, can be
present as well

By phanmwuucally accepmble cm'ier is meant any
carrier that is used by persons in the art for administration
into a human that does not itself induce any undesirable side
effects such as the production of antibodies, fever. etc.
Suitable carriers are typically large, slowly metabolized
macromolecules’ that can be a protein, a polysaccharide, a
polylactic acid, a polyglycolic acid,. apolymmic amino acid,
amino acid copolymers or‘an inactive virus particie. Such
carriers are well know:rtothmcbfo:‘dmary skifl in the art.
Preferably the carrier is myrogjobuhn '

<A “therapeutic compasition™ herein-contains one or more
pharmaceutically acceptable carriers, and one or more addi-

tional component such as water, saline, glycerol. or cthanol.

Addmonally. auxiliary substances. such as wetting or emul-
sifying agcnts, rH baifcnng substances, and the like. may be
preseat in such compositions.

By “a uaerapwuca!ly effective amount,” as used herein
refcrstoﬁmtamountdzanseﬁecuwforpmduawnofa
desired result. This amount varies depending upon the health
and physxcal ‘condition of the individaal to be wreated, the
capacity of the individual’s immune System to synthesize
antibodies, the degree of protection desired, the formulation.,
the attending physician's assessment of the medical
situation, and ather relevant factors. It is expected that the
amount will faf in a tclamﬂy broad range that can be
determined through routine wials,

Aooordmgly. a pxefmad embodiment of the present
invention: is 4 novel unglycosylited KGF fragment.
KGF,,,, ;. unaccompanied by impurities which normally
accompany the native mdlecule when it is produced in vivo.

“This fragment has an spparent molecular weight of about 18

kilo-Daltons (“kD”) based upon its’ ngranon in Sodium
Dodecyl, Sulfste Polyacrylamide Gel Blectrophoresis
{“SDS/PAGE") as a single band (results not shown). The

specific activity of purified KGF,,, ;s on Balb/Mk cells is
measured by its EDy, value. as defined by the concentration
that causes half maximal stimulation of cell proliferation.
The EDy, of the KGF fragment herein is found to average
about 40 pg/ml. The bioactivity of the KGF fragment herein



5,677,278

7
will be at least about 2-fold, preferably. about 7-fold and,

mare preferably, about 7-10 fold greater than that of the

full-length rKGF protein or that of aFGF. when compared i
a cell grohfemuon assay, and 100-fold greater than when
TKGF ¢, is bioassayed, using initiation of DNA synthesis in
Balt¥Mk cells maintained in a chcnncnﬂy defined medivm,
as described in PCT Patent Application. No. WO 9/08771.

Ina prcfetred embodiment of the present invention,
KGF,,, ; o is produced by recombinant DNA. technology.
particularly in the case of large-scale’ commiercial produc-

tion. Arecombinant DNA molecule and an expression vector

comprising KGF,,,, ., in accordance with the present
invention can be made and expressed by conventional gene
expression technology using methods well-known in the art,
as discussed in more detail below.

The present invention also includes,analogs of the tKGF
fragment that retain the epithelial cell specxﬁcity and the at
least 2-fold increase in mitogenic activity of rKGF ;. 25, a3
compared to the activity of rKGF,e,. In a preferred

embodiment, the analog retains the 7-fold, more preferably. -

the 7-10 fold and. most preferably, the 10-fold increase in
mitogenic activity of tTKGF ,,,.45. Anglogs of tKGF 4 5
include post-translationally modified versions of
rKGF,,, .25, for example. those generated by
glycosylations, acetylations. or phosphorylations thereof.
Analogs of rKGF ;3 can be also made by conventional
techniques of aminoacid substitution, deletion, or addition,
for example. by site-directed mutagencsis. Thus, all refer-
ences to cmbodiments of the present invention as it relates
to rKGF,_,; apply equally to analogs thereof.

In one embodiment of the present invention, the KGF
fragment can be made by isolating native, mature KGF from
oeﬁsprodudngﬂucsamcanddckﬁugthcﬁrst% N-terminal
amino acid residues therefrom. Such deletion can be per-
formed by any conventional tcchmques known in the art.

In an alternative embodiment, the KGF fragment can be
made by isolating the coding sequcncc of native KGF 4.

dcleung the codons that encode the first 23 N-terminal

amino acid residues, inserting the modified coding sequence

into an exprcsswn vector, and lrausfoming host cells with

the expression vector to producc the recombinant
KGFdall~23

In a further embodiment of the preseh: invention, the KGF
fragment can be made by isommgths coding sequence of
KGF g, from cells known to produce KGF, inserting ‘the
coding sequence of KGF,&, into a bawlovmus expression
vector, transfomnng a host insect cell' with the baculovirus
expression vector, and harvestmg and isolating the appmxp
mately 18 kD molecular specics from the transformed insect
cell culture that possesses increased! KGF activity, using
conventional separatory techigiques.

In another embodiment of the present invention, an
expression vector containing the KGF,,,, ;3 coding
sequence can be produced by operably linking the
KGF,,,, ,; to one or more regulatory sequences such that
the resulting vector is operable in a desired host.

In a further embodiment of the present invention. the
coding sequence of KGF,,,; 2, can be obtained by conver-
tional technigues. including the isolation of the coding

sequence of KGF 4, from a ¢DNA library known to contain
such. and deleting therefrom the sequence encoding the first

23 N-terminal amino acid residues. Delcuon of the codlng
sequence of the N-terminal amino acids can be accorn-
plished in vivo or in vitro. The former can be achieved. for
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example. by expression of the KGF“;, coding sequenceina

baculovirus/insect cell expression sysiem. The latter can be

8
achieved by known PCR techniques using primers that
exclude the N-terminal sequences.
In a further embodiment.of the present invention, the
DNA or vector comprising the coding sequence of

KGF,,, 53 cab be expressed in a. prokaryotic or cukaryotic

expression system, in. panwuiar a bagterial, mammialian,
yeast. or insect cell expression systsm. In a preferred
embodiment, a bacterial or yeast cell expression system may
be ideal for production of the KGFM -3 fragment. The
yeast cell can-be, for example, Sa s cerevisiae,
In another embodiment of the pmscntmvcunon the KGF
fragment can be w:pvcsscd as.a fusion protein by linking, in
the correct frame and oricntanom the 5 end of the
KGFy,,; 23 coding sequence to_the coding sequence of
another molecule that facilitates either intraceliular or extra-
cellular production of the rKGFWI*u The coding sequence
of such-other molecules can be, for example, at least a
portion of the prepro o-factor feader sequegce, for extracel-

lular expression; the superoxide dismutase (“SOD") gene
- sequence; or the ublquitin gene sequence, for intracellular

expression in yeast cells.

In yet another embodiment of the present inventjon, the
fKGF,,,,.23 polypeptide can be conjugated to othér mol-
ecules suitable for ifs mwndcd use. For example, the
KGF 40y 23 polypepﬁde cin be conjugated to a toxin
molecule, such as ricin-A, diphtheria toxin. or saporin for
destruction of its target cell, i.e,, cpxtheha} cells, particularty,
keratinocytes. '

In a further cmbodunent.meKGF,,,,ﬁﬁpolypepndeora
conjugate thereof can be mixed with 4 pharmaceutically
acceptable carrier to produce a therapeutic composition that
can be adnﬁnistacdfgr therapeutic purposes, for example,
for wound healing, and for treatment Gf hyperproliferative
dxscaswofmcsﬁnandmmors. such as psoriasis and basal
cell carcinoms.

The KGF fragment of the present invention can be used
for identification of m:eptotmogmﬁan sites as well as for
the design of peptide agonists or antagonists, Moreover, in
view of the unique specificity of KGF for keratinocytes. its
inability to induce the: pmhfeﬂﬁdnm vascular endothelial
cells or fibroblasts. and its lack of cytotoxicity, KGF .1 23
should be a preferved- agent of choice for wound healing
applications, particularly whm there is.a desire to promote
re-epithelialization of- ‘the skin. KGF 173 Should alsc be
particularly usefal in. corneal epddxelﬁ xepair, Other appli-
cations of IQGFL_” utilize its specificity for epithelial cells
found in the gasu:mmunal tract.

The choice to select the KGF fragment herein over other
growth factors such as ‘epidenmal growth factor (“BGF™),
platelet-derived growth factor: (“PDGF?), :and other FGFs
for. shntepamsthhinﬂxskﬂlofapczsouin hie art. These
other growth factors, for example, | mduce fibroplasia and
angiogenesis, in ‘addition to- . sither directly or
in . kergtinocyte: proufmaﬁon. In skin repair, such
addinonal actiyities- could produce. undesirable side effects
such as scarring. In corneal repair inivolving either a wound
or surgery. the use of these factors could induce blood vessel
invasion into the cornea, and result in corncal opacity or
edema. KGF. on the other hand, has a unique specificity for
keratinocytes and does not induce the proliferation of vas-
cularendothelial cells or fibroblusts and; thexcfore, would be
the agent of choice for these particnlar wound healing
apphcatmns

‘The pmcticc -of the present j invention will employ, uniess
otherwise indicated, conventional techhiques of molecular
biology. microbiology, recorubinant DNA, and immunology.
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which are within the skill of the axt. Such techniques are
explained fully in the literature, including Sambrook, et al.,
MOLECULAR CLONING: A LABORATORY MANUAL
2nd ed. (Cold Spring Harbor Laboratory Press, 1989); DNA
CLONING, Vol. 1and IL D. N Glover ed. (IRL Press. 1985);
OLIGONUCLEOTIDE SYNTHESIS, M. J. Gait ed. (IRL
Press, 1984); NUCLEIC ACID HYBR!DIZA‘I‘ION B b
Hames & S. J. Higgins eds. (IRL Press, 1984); TRAN.
SCRIPTION AND TRANSLATION; B. D. Hames & S, J
Higgins eds.. (IRL Press, 1984); ANIMAL CELL
CULTURE, R. L Freshney ed. (IRL. Press, 1986); IMMO-
BILIZED CELLS AND ENZYMES. K. Mosbach (IRL
Press, 1986); B. Perbal. A PRACTICAL GUIDE TO
MOLECULAR CLONING, Wiley (1984); the series,
METHODS IN ENZYMOLOGY, Academic Press, Inc
GENE TRANSFER VECTORS FOR MAMMALIAN
CELLS. J. H. Miller and M. P Caloseds {Cold Spring
Harbor Laboratory, 1987); METHODS IN
ENZYMOLOGY. Vol. 154 and 155, Wu and Grossinan,
eds., and Wu, ed.. respectively (Academic Press, 1987).
IMMUNOCHEMICAL METHODS IN' CELL AND
MOLECULAR BIOLOGY, R. J. Mayer and J. H. Walker,
eds, (Academic Press Londoa, Harcourt Brace U.S.. 1987),
PROTEIN PURIFICATION: PRINCIPLES AND
PRACTICE. 2nd ed. (Springer-Verlag, N.Y. (1987). and
HANDBOOK OF EXPERIMENTAL IMMUNOLOGY,
Vol. 1-IV, D. M. Weir et al., (Blackwell Scientific
Publications, 1986); Kitts et al., Biqt‘gchidques 14:810-817
(1993); Munemitsu et al., Mol. and Cell. Biol.
10:5977-5982 (1990).

Standard abbreviations for nucleotides and -amino acids
are used in FIG. 1 and elsewhere in/this specification. All
publications. patents, and patent applicauons cited herein are
incorporated by reference.

It has been unexpectedly found that when KGF vector is
expressed in insect cells, Spodoptera frugiperda (“SF9™) by
infection of a recombinant baculovuus, Autogropha
californica, containing the ¢cDNA codmg for the mature
form of KGF (163 amino acids), they were mpablc of
producing a KGF fragment, a runcated form of KGF thit
lacks the first 23 amino acid rmducs of the-native KGF
N-terminal domain that contains a single glycosylation site.
This tuncated and unglycosylated KGF fragment desig-
nated herein as KGF,,,;_», or KGF| .. in contrast to the

pative long form identified as KGF ;4. has a 7- to 10-fold

increased potcncy on target cells. The target cell specificity
of KGF,,,, ,; is unchanged. Additionally, at high concep-
trations of the KGF fragment, no toxic effect on kerat-
nocytes is observed in contrast to that ohserved for KGFyg;.
These observations suggest that, contrary to what was pre-
viously proposed in PCT Application, Publication No. WO
90/08771. the target cell specificity of KGF does not reside
in its N-terminaf domain. Furthermore, the present invention
shows that an N-terminally truncated Version of KGF in fact
represents an improved KGF version with higher biological
activity and decreased cytotoxicity for therapeutic applica-
tion.

Further, KGF,,,;_,; cxhibits a pI niotc basic'than that for
KGF,¢,. In one assay, the pl was approxxmatcly 9.9 for
KGFJ“‘_,Z’ and 9.4 for KGFJ‘.,I..” KGFM‘ 23 also thlb-*
its a higher affinity for heparin and for the Mono § resin.

Recombinant KGF,,,_23. in accordance with the present
invention. can be made by well-known recombinant tech-

niques. In this regard, the KGF,,,, 4, coding sequence is°

operably linked to one or more regulatory sequences in the
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replicated to express the mcomhmam proiein in a particular
host. Thus, the coding sequence of KGF,,,, . can be
inserted, for example, into a yeast eéxpression vector for
expression in yeast cells, a bactérial expression veetor for

- expressionin bacterial cefls. a nmmmaﬁan vector for expres-

sion in mammalian cells.

In & preferred embodxment, ﬂm coding sequence of
KGF,,,,_,; for expeession purposes herein is a complemen-
tary, DNA (“cDNA") molecule encoding KGF,,,, ,s. The
KGF,,,,_»y CDNA can be miade by kmown recombinant
techniques, stch as isolating total cellilar RNA from a host
cell known to express KGF, isolating poly A" RNA by
running the total cefiutar RNA throagh an oligo-d¥ column
and cluting the poly A* RNA- ﬂwreﬁom, constructing a
cDNA library, using reverse . based on the poly
A* RNA isolated, which' contains mRNA, and selecting the
¢DNA clones-that contain the KGF,,“ 23-coding sequence
by use of labeled ohgonucleoudc probes coastructed on the
basis of the known amino acid sequedce of KGF,,,, ..

A regulatory sequence that cam be linked to the
KGF,,,,_,_,, coding soqnencc in the cxptcssxon vectorherein
is a promoter. that is operable in the host cell in which the
recombinant KGF,,,;.»; 15 to be _expressed. Optionally,
other regulatory sequences can be used herein. such as one
or more of an-enhancer sequence, an intron with functional
splice donor and acceptance sites, a signal sequence for

directing secretion of the recombinant’ KGF,,,, 5. a poly-

adenylation sequence,” other transcription terminator
sequences, and a ‘sequence lmmolugous to the host cell
genome. Other seqacnces, such as an origin of replication,
can be added to the vector as well to optimize expression of
the desired product, Further, # sclectable marker can be
present in the expression vector for selection ufme pacsence
thereof in the transformed host: cells.

The regulatory sequences can be derived from various
sources. For example, oue or more of ther can be associated

.wuhanatxchGFcodmgsequcm.ordmvcdﬁ'mnor
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suitable vector in a proper reading frame ‘and orientation. '

The vector is suitable when it can replicate or can be

homologous with the host cell in which the sequence is to be
expressed. or derived: &cm ‘a microbial. for example, bac-
tezial or yeast source, of hylmds thcmof For use herein, the

“KGF 4, coding sequence is, preferably, operably linked

downstream of the promoter sequence and upstream of the
terminator sequence.

The various components of the: cxpmssmn vector can be
linked together direcily or, pmfmuy. via linkers that con-
stitute sites of recogaition by: restriction enzymes. In one
embodiment of the present invention, a promoter sequence
herein is linked directly with the KGF‘,,W” coding
sequence, in. which case the first amino acid at the
N-terminal of the recombinant KGF,,.,; ., protein would be
methionine. which is encoded by the AXG start. codon. The
methionine residue at the N-termainal can be optionally
cleaved from the recombinaat protein by conveational
techmques for examplc. in vitro incubation with cyanogen
bromide provided no other memmmnc rcs;dues are present
in the fragment.

Any promoter that would allow expression of the KGF
fragment in 3 desired’ host can be used in the present
investion. Yeast ptommcr sequences that are associated with
polynucleotide sequences cwo&ing cnz"ymes in the fermen-
tative metabolic pathway are ly useful in the
present invention. Examples of these c:nZymcs include aleo-
hol ddnydroganasc (“ADH"), - as deseritied in European
Patent Application, ?ublicatmn Neo. 284 (44, enolase,
glucokinase, glucose-6-phosphate isomerase,
glyceraldehyde-3-phosphate-dehydrogenase (“GAP™ or
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“GAPDH"™), hexokinase, phosphofructokinase,
3.phosphogiycerate mutase, and pyruvate kinase (“PyK™),
as described in “Patent Application, Publication
No. 329 203. In addition, the yeast PHOS genc. encoding
acid phosphatase. as described in Myanohm ¢t al.. Proc,
Natl. Acad, Sci. USA 80:1 (1983), 1s also useful as a
promoter sequence herein.

Other yeast promoters that are suitable herein include, for
example, those described in Cohen et al.. Proc. Narl. Acad.

Sci. USA 77:1078(1980); Henikoff et al.. Nasure 283:83$
(1981); Hollenberg et al., Curr. Topics Microbiol. Immunol.

96:119 (1981); Hollenberg et al., “The Bapression of Bac- .

terial Antibiotic Resistance Genes in thic Yeast Saccharomy-
ces cerevisiac,” in PLASMIDS OF MEDICAL. ERVIRON-
MENTAL AND COMMERCIAL IMPORTANCE. K. N,

Timmis and A. Puhler, eds. (Amsterdam/New York 1979);

Mercerau-Puigalon et al, Gene 11:163 (1980); Panthier ¢
al.. Curr: Genet. 2:109 (1980).

Prokaryotic promoter sequences, optionally containing

operator portions, that can be used hercin include

p-lactamase (penicillinase) and lactose'promoter systens, as
described in Chang et al.. Nature 198:1056 (1977), ayp-
tophan promoter system, as described in Goeddel ot -al.,
Nucleic Acids Res. $:4057 (1980), and the X (lambda)-
derived P, promoter.

Preferred mammalian promoter scqucnues that can be
used hercin are those from mammalian viruscs: that are
highly expressed and that have a broad host range. Examples
include the SV40. carly promoter. !he Cytomegalovirus
(“CMV") immediate carly promoter mousc mammary tumer
virus long terminal repeat (“LTR™) promoter, adenovirus
major late promoter (Ad MLP), and Herpes Simplex Virus
{“HSV™) promoter. In addition, promotcr sequences derived
from non-viral genes, such as the murine metallathionein
gene, are also uscful herein, These prmnotu’s can further be
either constitutive or regulated, such as those that can be

induced with glucocorticoids in hormone-responsive cells.

Promoters that can be used for insecticell expression in the
present inveation include the baculovirlis polyhedron hybrid
promoter and the pl0 promoter. :

Further. promoters for use in the preseat invention can be
synthetic hybrid promoters that do fot occur in nature
(“non-natural promoters”), but contain a mgﬂatary region
linked with a hataologous expression ;nmanan region. For
example, the UAS sequence of one yaast proinoter may be
joined with the traascription activation region of another
yeast promoter, creating a synthcnc hybrid promoter.
Examples of such promoters mcludc ithe ADH regulatory
sequence linked to the GAP tran activation region,
as described in U.S. Pat. Nos. 4,876,197 and 4.880.734.

Other examples include -those containing regulatory
uences ’

sequences that are’ associated with the coding seq
encoding ADH2, GALA4, GAL10, or PHOS. combinod with

the transcriptional activation region of 'a glycolytic enzyme, 35

such as GAP or PyK. as dcscrxbed in US. Pat. Nos.
4.876.197 and 4.880.734.

Bacterial hybrid promotets include, fct example, the tac

promoter. as described in De Boer et al. (1983), that is
derived from sequences of the trp and lac UVS promoters,

‘10
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A functional nop-natural promoter for'use herein may also

be a synthetic promoter that is based om a comsensus
sequence of different promotess.

In another embodiment of the present invention. an
enhancer element can be combmcd with a promoter

sequence. Such enhancers not only amplify but also can

regulate expression of the tKGF ;3 polypeptide. Suitable

85
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enhancer elements for use in mammalian expression systems
are, for cxample, those derived from viruses that have a
broad host range, such as the S¥40 early gene cnhancer, as
described in Dijkema et sk, EMBO J. 47761 (1985), the
enhancafpmmows derived from the LTR of the Rous
Sarcoma Virus, asdcscﬂwmﬁumwctal. Proc. Natl,
Acad. Sci. T9:6777 (1982). asnd from human
cytomegalovirus, as described in Boshart et al., Celf 41:521
(1985). Additionally, other suitable eahancers include those
that can be incorporated into promoter. sequences that will
beoome active only imhc presence of an inducer. such as a
hormone, a metal jon, or an enzyme substiate, as described
in Sassone-Corii and Borelli, Trends Genst. 2:215 (1986);
and Maniatis et al., Science 236:1237 (1987),

For expression in. yeast cells, & yeast promoter is prefer-
ably used that contains an upstream: activator scquence .
(“UAS") that permits regulated expression of the recombi-
nant KGF,,,,;_”, Regulated expression herein may be cither
posiuvc or negative, thereby cither cahancing or reducing
transcription: In an alfernative embodiment, a UAS can be
absent, in which . .instance, constitutive expression of
KGF@.,;_& Ww‘d W

In anothier embodiment of the pmscm’ invention. a tran-
scription termination sequeace is placed 3' to the translation
stop codon of the KGF ;.25 codiig scquence. Thus. the
terminator sequence, together with the promoter, flank the
KGF,, ;.5 coditig seguence,” Examples of transcription
terminator sequences are the yeast-fecognized sequences
associated with the yeast g;ymaytm enzymes and those
derived from SV40.

In one emhadiuwm of the pmsmt invention, the recom-
binant KGF,,,,_», can be made to be secreted fror the host
cell into the growth - media by creating chimeric DNA
molecules that encode a fusion protein coroprised of a leader
sequence that contains a secretory signal sequence for
secretion of KGF,,,; 5. For the purpose of the present
invention, the signal sequences that aye suitsble for usc
herein are, for example, those derived from genes for
secyeted endogenous host cell proteins, such as for the yeast
expression system, the yeast invertase gene, as described in
Buropean Patent No, 012 873 and Japancsc Patent
Application, Publication No.62,096.086, the A-factor gene,
as described jn U.S. Pat. No. 4,588,684, the prepro a-factor
gene, as described in -U.S. Pat. No. 4,870,008, and the
;neerfatongene asdesa‘ibedinmwhtemmm

57

In a preferred emabodiment of the: pmsent {nvestion, &
truncated yeast o-factor leader sequence can be used. The
truncated o-factor leader sequence mnwnﬂtlustaportmn
of the signal “pre” sequeucc.andapotﬁmofme“pw"
sequence that contains a glycosylation site. Typically, the
a-factor leader sequences. that can'be employed. herein
include about 25 to about 50 amino a¢id residues of the
N-terminal tiercof, as described in U.S. Pat. Nos. 4,546,083
and 4,870,008, and in copending U.S. patcnt application Ser.
No. 07/864.206 and’ European’ Patont lication, Publica-
tion No. 324 274. Also suitable for use herein are hybrid
o-factor leaders made with a 'fpre" seqmsnoc of a first yeast
signal sequence, and 2 “pro” region fiom a second yeast
a-factor, as described in PCT Application, Publication No.
WO 89/02463. In one embodunent of the present invention,
the signal sequence cootains a ing site 5' of the
codxng sequence of KGF&,,_Z;, to allow clcavage thereof.
cither in vivo or in vitro. For mammahan expression. an
example of a suitable leader sequence is the adenovirus
tripartite leader that p:oviﬂcs for secretion of an operably
linked KGF,,,,_,, ptotcm in. mammhan cells.
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Prokaryotic leader sequences for directing the secretion of
recombinant KGF,,,, _,; that are suitable for usc herein are
those known in. the art. For exampka such leader sequences
include those disclosed in U.S. Pat. No. 4336336, relating

to “Fused Gene and Method of Making and Using the
Same" to T. J. Silhavy et al.. issued on Jun. 22. 1982, and
U.S. Pat. No. 5.010.015. relating t¢ “Recombinant DNA
Molecules and Method for Protein Production.” to Palva, L.,
issued on Apr. 23, 1991.

In another embodiment of the presemt invention, the
expression vector can contain an otigin of replication such
that it can be maintained as a replicon, capable of autono-
mous replication and stable maintenance in a host. Such'sa
origin of replication includes those that enable an cxpression
vector to be reproduced at a highi copy .number in the
presence of the appropriate proteins within the cell. for
example, the 2y and autonompusly mpheating sequences
that are effective in yeast, and the ongm of replication of the
SV40 vital T-antigen. that is cffective in COS-7 cells.

Mammalian replication systems that are suitable for the
present invention include those deﬂvq:d from animal virases
that require trans-acting factors to replicate. For example,
the replication system of papovaviruses, such as V440, as

described in Gluzman, Cel 23:175 (1981), or -polyomavirus.

that replicate to extremely high copy dumber in the presence
of the appropriate vital T antigen. Additional examples.

include those derived from boviné papillomavirus apd

Epstein-Barr virus.

Additionally, the expression vector herein can have more
than one replication system, thus, allowing it to be
maintained. for example, in mammalian cells for expression
and in a procaryotic host for cloning and amplification.
Examples of such mammahan—baataia shustle ‘vectors
include pMT?2, as described in Kaufman et al., Mol Cell.
Biol. 9:946 (1989) and pHEBO, as described in Shimizu et
al., Mol Cell. Biol. 6:1074 (1986). Examples of yeast-
bacteria shuttle vectors include YBp24 as described .in
Botstein et al., Gene 8:17-24 (1979); pC1/1, as described in
Brake et al., Proc. Natl. Acad, Sca USA 81:4642-4646
(1984); and YRpl7. as described i ul Stinchoomb et al., J.
Mol. Biol. 158:157 (1982).

The replicon herein may be either 2 high or low copy
number plasmid. A high copy numberiplasmid will generally
have a copy munbcrrangingfromaboutswabomzoo.wd
typically about 10 to about 150. A Rost contalning & high
copy number plasmid will preferably! ‘have at least about 10,
and more preferably at least about 20, Either a high or low

copy number vector can be used herein, depending upon the

effect of the vector and the reoombmant KGF,,;. 23 On the
host. See ¢.g.. Brake et al. (loc.cxt.)

In another embodiment of the present invention, the
expression vector can be made to integrate into the host cell
genome as an ‘integrating vector. The integrating vector
herein contains at least one polynucléotide sequence that is
homologous to the liost cell genome . that allows the vectar
to integrate. Preferably, the host cell ‘contains two homolo-
gous sequences flanking the KGF ., coding sequence, as
described in, for cxample, Patent’ Appﬂcauon
Publication No. 127 328, r«:latuag o integrating vectors
constructed with DNA from various Bacillus strains inte-
grated into the Bacillus chromosome. Integrating vectors

may also be comprised of bactmophage or transposon-

sequences.

The homologous sequences, howevct need not be Linked
to the expression vector, For cxample an expression vector
caun be used that can mtchatc into the CHO genome via ap
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unattached dihydrofolate reductase gene. In a preferred
embodiment, the homologous’ _sequences fank the
KGF,,,;.23 coding sequence in the vector. Particularly uso»
ful homologous yeast gesome scquences for the presen
invention are, for example, those disclosed in PCT
Application, Publication No, WO 90/01800, and. the his4
gone sequences;. as desctibed in Genbank, accession no.
J01331.

In another embodiment of the present invention, one or
more selectable markers cin be attached to other compo-
nents in the expression vector to allow for the sclection of
the host cells that bave been transformed. Selectable markers
that can be expressed in-a host cell include genes that can
render the host cell resistant to drugs such as tunicamycin,
G418. ampléillin, chioramphenicol. erythromycin, kanamy-
cin (neomycin), and tetracydline, as described in Davies et
al., Ann. Rev. Microbiol. 32:469 (1973) Selectable markers
herein also include biosynthetic genes, suchi as those in the
histidine, tryptophan, and leticine biosyatheti¢' pathways,
such as ade2. his4, leu2, trpl. Thus, for example, when a
teu™ host cell is used as rccxpwnt in transformation with an
expression vector. and leucine is abscntfmmthc media, for
example, only the mus that carry a plasnnd with a leu” gene
will survive.

In addition, seléctablemn:kers that provide the host cells
with the ability to grow ini the presence of toxic compounds,
such as metal, is also ‘suitable hercin; for instance, the
presence of cupl allows yeasth to graw in the presence of
copper ions, as, described in Butt et al, Microbiol. Rev.
51:351 (1987), '

The method for construction of an expression vector for
transformation of insect cells for expression of recombinant

“KGF 4,123 hexein is slightly different than that generally

applicable to the construction of a bacterial. expression
vector, a yeast expression vector, of & mammalian expres-
sion vector. In an embodiment of the present invention, a
baculovirus vector is constructed ity accordance with tech-
niques that are knowit in the ast, for & . -as described
in Kitts et al., BioTechniques f4:810-317 (1993), Smith et
al., Mol Cell. Biok 3:2156. (1983}, and Luckow and
Summer, Virol. 17:31 (1989) In on¢ embodiment of the
present invention, a baculovirus expression vector is con-
structed substantially in accordance to Summers and Smith.
Texas Agricultural Experiment Station Bulletin No. 1555
(1987). Moreover, materials and methods for baculovirus/
insect cell expression systems are commercially available in
kit form, for examplé. the MaxBac® kit from Invitrogen
(San Dicgo, Calif.).

‘Briefly, & KGF expression cassette including the
KGF, ., 23 eodmg sequence and optwaaliy, a regulatory
sequence, & selectable matkcr ete., can be first constructed
by insertion of the KGF 4, or KGF ., », coding sequence
into a baculovirus transfer, vector that contains at least an
essential polynucleotide sequence. as. described in ‘more
detail below: and/or a. polypucleotide sequence that is
homologous 1o a portion of the baculoviius genome (“the
baculovirus sequcnces”) and is capablé of homologous
recorbination therewith, for example, the polyhcdron gene.
Insextion therein can be engineered ata vesiriction enzyme
site. as described in Miller et al., Bioassays 4:91 (1989). In
a preferred embodiment. a KOF,,,,, o, coding sequence is
positioned downstream from the polyhedron promoter and
flanked at both the 5 and the 3' end by pelyhcdmmspucrﬁc
sequences.

The KGF,;, coding scquence can be obtaincd by known
recombinant techriques from cells that are known to express
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KGF activity. The transfer vector containing
coding sequence is co-ransfected into host insect cells
together with a mutant of wild-type ‘baculovirus, so as to
form a recombinant baculovirus, This mutant baculovirus
lacks an essential polynucleotide sei;ucnce necessary for
production of a functional recombinant virus, In this regard,
a functional virus is one that is capable of independent
replication in a host. A functional reoombinant virus is
obtaincd when the mutant baculovirus and the transfer
vector carrying the KGF cxpression cassette both infect 2
host insect cell and recombine therein.

the KGF.... 55

10

Recombinant baculovirus can be 'identified by known -

methods. For cxample, the mld—type viruses produce a

polyhedron protein at very high levels in the nuclei of

infected ocells during a late stage of viral infection. Accu-

mulated mlvhadrgn orotein forms occlusion bodies that alen

Wall AVAIRS USSaseUaal MMMAMY satvy Wnairh)

contain embedded vnal particles. These occlusion bodies, up
to 15 pm in size, are lughly refractile; giving them a bright

shiny appearance that is readily visualized under the Light .
microscope. Cells infected with rwm:bumnt viruses lack

occlusion bodies. Recombinant virus and wild-type virus
can, therefore, be distinguished by plating the transfection
supernatant or dilutions thereof onto & momlayea' of insect

cells by standard techmiques. The plaqucs can thea be

screened under the light microscope for the presence, indica-
tive of wild-type virus, or absence, inpdicaﬁve of reconhi-
nant virus, of occlusion bodies, as described in Vol 2. of
CURRENT PROTOCOLS IN MOLECULAR MICROBI-
OLOGY 16.8 F. M. Ausubel et al. eds, Supp. 10, Greeh
Publisher Associates and Wiley Interscience {1990).

The functional recombinant baculovirus containing the

KGF expression cassette obtained in this manner is suitable.
for transfection into new host insect cells for production of °

large quantities of the recombinant KGF_,, ,,. Recombi-
pant KGF,,,,, », produced in this manner can be separated
from KGF,, based upon molecular wezght differences.
using knowa separatory techniques.

When making rather than pur a cominercially
available baculovirusfinsect cell expwcsswu kit, the bacy-

tovirus transfer vector herein can be made by linking dif- .

ferent components togethier, such as a promoter, a secretory
leader sequence. and a transcription termination sequence,
Alternatively, the transfer vector cani be constructed such
that a single copy of the KGF,, coding sequence is oper-
ably linked to one or more regulatory clements, or multiple
copies of the KGF,,,.,;_»s coding sequchoe are each operably
linked to its own set of regulatory elements. Asa further
alternative, muitiple copies of the KGF,,,, 3 coding
sequence can be regulated by the same set of regulatory
clements.

The transfer vector for the preseat invention may option-
ally conmnanmgmofmphcauon 5o that it can be
maintained as a replicon that is capable of stable mainte-
nance in a host, such as a bacterium. for cloning and
amplification. In a preferred -embodiment of the present
invention. the transfer vector for introducing KGF,,,; o,
into ACNPV is pAc373. Other vectors, known to those of
skill in the art, can also be used, including. for example.
PVLI8S, which alters the polyhedrin start codon from ATG
to ATT, andwluchmtmduoesaBa!nHIclomng&leBZ
basepairs downstream from the ATT. as described in
Luckow and Summers, Viral. 17:31 (1989). Alter the expres-
sion vector is made, the vector is used to transform host cells
for expression of recombinant KGF,,,,,__” The host cells
that are suitable for use herein inclides prokaryotes and
eukaryotes. The prokaryotes include Gram positive and
Gram negative bacteria. The eukaryotes include fungi, yeast.

is
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mamtalian, and mswt cells. The bactqialhosm include, for

‘example, Campylobacter, Bacillus, Escherichia,

Lactobacillus, Pseudomonas; Staphylococcus, and Strepto-
coccus, Yeast hosts from the Tollowing, genera may be
utilized: Candida, Hansenuia, Kluyveromyces, Pichia,
Saccharomyces, Schizosaccharomyces, and Yarrowia.
Mainmalian cell lines suitable for use herein include, for
example. many immemlized ceﬁ fines avmlablc from the

Amamn'ls'w Cuigure Collection (ATCCY. such as Chinesc

‘hamster ovary (“CHO"). cells. Hel.a cells, baby hamster

kidney (“BHK™) cells, monkcy lnducy cells (“COS™), and
human hcpatoed}ular carcinoma cells such as Hep G2. A
number of insect cell hosts ar¢ also suitable for expression
of the KGF fragment o analog. including. for. example,
Aedes aegypt, Autagmpha californica, Bombyx mori,

L‘rewp.".:.‘a .’:'.e!";'-zogas:er and Spodoptera frugiperda. as

described in’ PCT Application, Publication No. WO
89/046699; Carbonell et al.. J. Virol, 56:153 (1985); Wright
Nature 321:718 (1986); Smith etal.. Mol. Cell, Biol. 3:2156
(1983); 'and generally. Fraser, et al. in vitro Cell. Dev. Biol.
25:225 (1989).

Certain . cxpressibn vectars, either extra-chromosomal
replicons or ihtegrating vectors, have been developed for
transformation into certain hosts. A person of ordinary skifl
in the art would be able W adopt or: adapt one or. more of
these developed vectars for use hérsin, For example, expres-
sion vectors have been devéloped for the following bacterial
hasts that can be used herein: Bacillus subtilis, as described
Palva et al.. Proc. Notl. Acad. Sci. USA 7915582 (1982);
European Patent No, 036 259 U.S. Pat. No, 4.711.843 and

‘European PatantApplicanom Publication No. 063 953; PCT

Application, Publication No. WO WMI "US. Pat. No.
4,663,280; Escherichia coli, Shimatake et al., Nature
292:128 (1981); Amann et al., Gene 40:183 (1985); Studier
etal..J. Mol. Biol. 189:113 (1986); Em:pean Patent No, 036
776 and European Patent Application, Pubhcaﬁon Nos. 136
829 and 136 907; Steeptococcus cremoris, Powell et al..
Appl. Environ. Microbiol. 54:635 (1‘988), Streptococcus
lividans, Powell et aL, Appl. Environ. Microbiol. 54:655
(1988); Strepromyces Iivldam USS. Pat. No. 4.745,056.
Expression vectors that have been developed for yeasts
that can be used herein include, for-example, Candida
albicans as described in Kurtz, et al, Mol Cell. Biol. 6:142
(1986); Candida maltosd in Kunze, et al, J. Basic Microbiol.
25:141 (1985); Hansenula potymorpba,u Gleeson, et al. J,
Gen. Microbiol, 13213459 1986); Roggenkamp et al. Mol.
Gen. Genet. 202:302(1986); Klnyvemmycesﬁagilis, in Das,
etaL J. Bacreriol, 158:1165 (1984); Kluyveromyces lactis, in
De Louvencourt et al, J, Bacteriol. 154:737 (1983); Van den
Beig et al Etp/?’echnolngy -8:135 (1990); Pichia
guillerimondii, in Kunze et al. J. Basic Microbiol. 25:141
(1985); Pickia pastoris, in Cregg et al. Mol Cell. Biol.
5:3376 (1985); U. & Pat. No. 4,837,148 and U.S. Pat. No.
4.929.555; Sacchammyces ‘cerevisige, in Hinnen et al. Proc.
Natl. Acad. Sei. USA 75:1929 (1978); Yo et al. J. Bacteriol.
153:163 (1983); Schizosaccharomyces pombe, in Beach and

- Nurse, Nature 300:706 (1981); and Yarrowia. lipolytica in

60
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Davidow, et al., Curv: Genet, 10:380-471 (1985); Gaillardin
¢t al., Curr. Genet. 10:49 (1985). .

The transformation procedures suitable for use herein are
those known in thie artand inélude: for example. first treating
thebwmmlceﬂswahCaC!,,oromcragems such as
divalent cations and DMSO. and incubating the treated cells
with the KGF,,,,;; coding sequence, DNA can also be
introduced into bactefial cells by electroparation. The exact
transformation proceditre varics with' the bacterial species to
be transformed as described in, for example. Massos ct al..
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FEMS Microbiol. Lett, 60:273 (1989). Palva et al., Proc.
Natl. Acad. Sci. USA 79:5582 (1982); BEuropcan Patent
Application, Pub. Nos. 036 259 and 063 983; PCT
Application. Publication No. W084/04541, for Bacillus;
Miller et al.. Proc. Natl. Acad. Sci. 85:856-(1988); Wang &
al.. J. Bacteriol. 172:949 (1990), for Campylobacter; Cohen

et al., Proc. Nail. Acad. Sci. 69:2110 (1973); Dower et al.,

Nucleic Acids Res. 16:6127 (1988); Kushner “An improved
method for transformation of Escherichia coli with CeiE1-
derived p&as:mds . in GENEI‘IC ENGINEERING‘ PRO-

CEEDINGS OF THE INTERNATIONAL SYMPOSIUM
ON GENETIC ENGINEERING. H. W. Boyer and 'S,

Nicosia, eds. Amsterdam and New York, Elsevier and North

Holland Biomedical Press (1978); Mandci et al., J. Mol
Biol. 53:159 (1970); Taketo. Biochim. Biophys. Acta
949:318 (1988). for Escherichia; Chassy et al. . FEMS

Microbiol. Lett. 44:173 (1987), for Lactobacillus; Fiedler et

al, Anal. Biochem. 170:38 (198%). for Pscudomanas,
Augustin et al., FEMS Microbiol. Lett. 66:203 (1950), for
Staphylococcus; Barany et al., J. Bacreriol. 144:698 (1980);
Harlander “Transfonnation of Streptocaccus lactis by
Electroporation”, in STREFTOCOCCAL GENETICS. J.
Ferretti and R. Curtiss IL eds (1987); Perry et al., Infec.
Trmure. 32:1295 (1981); Powell et al., Appl, Environ. Micro-
biol. 54:655 (1988); Somkuti et al.. Proc. 4th Evr Cong.
Biotechnology 1:412 (1987), for Streptoceccus.

For yeast, the transformation procedures that can be used
herein include electroporation. as described in “Guide to
Yeast Gepetics and Molecular Biology.” Vot 194 METH-
ODS IN ENZYMOLOGY. C. Guthric and G. R. Pink,
{Academic Press 1991). Other procedures include the trans-
formation of spheroplasts or the u'ansfoxmauon of alkali
cation-treated intact cells. Such procedures are described in,
for example, Kurtz et al, Mol Cell. Biol 6:142 (1986);
Kunze ct al.. J. Basic Microbiol. 25:141 (1985). for Candida;
Gleeson et al., J. Gen. Microbiol. 132:3459 (1986); Roggen-
kamp ot al, Mol Gen. Genet. 202:302, for Hansenula
(1986); Das et al.. J. Bacteriol. 158;1165 (1984); De Lou-
vencourt et al., J. Bacteriol. 154:1165 (1983); Van den'Berg
et al.. BiofTechnology 8:135 (1990) for Kluyveromyces;
Cregg et al.. Mol. Cell. Biol. 5:3376 {1985); Kunze et al.. J.
Basic Microbiol. 25:141 (1985); U.S. Pat. No. 4837148 and
U.S. Pat. No. 4.929.555, for Pichia; Hinnen et al.. Proc. Natl.
Acad. Sci. USA 75;1929 (1978); o et al., J. Bacteriol.
153:163 (1983), for Sacchammyces, Beach and Nurse
Nature 300:706 (1981), for Sdﬁzosaocharomyo:s. Davidow
ot al.. Curn Genet. 10:39 (1985); Gaillardin et al., Curr
Genet. 10:49 (1985), for Yarrowia.

For example. for mammalian cell systems, such methods
include dextran-mediated transfection, caloium phosphate
precipitation, polybrene-mediated &ansfecuon. protoplast

fusion. clccu-cporation. encapsulation of the KGF,,,,,*Z,\

polynucleotide in liposomes. and direct microinjection. of
the DNA into nuclei,

Immunoassays and activity assays that are known in the
art can be utilized herein to deteymine if the transformed host
cells are expressing the desired KGF fragment. For example,
for detection of intracellular production of KGF ;s o3 by
transformed host cells. an immunofiyorescence assay can'be
performed on the transfarmed host cells without separating
the KGF fragments from the cell membrane. In this assay,
the host cells are first fixed onto a solid support, such as a
microscope slide or microtiter well, Next, the fixed host cells
are exposed to an anti-KGF antibody, Preferably: to increase
the sensitivity of the assay, the fixed cells are exposed to a
second antibody. that is labélled and binds to the anti-KGF
antibody. For instance. the secondary aptibody may be
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labelled with -an fluorescent marker. Thc host cells which
express the KGF fragmcnts will be ﬂum:sccnﬂy labelled
can be visualized under the xmcmscop&

In anothct embodiment- of the presént iavention. the
recombinant KGFyps-23 pelypepudc can be expressed as a
fusion protein in any of the above expression systems. For
example, for, yeast expréssion, in the construction of an
expression vector, a DNA. sequence enwdmg the N-terminal
potion of an endogenous, yeast. protein, or other ‘stable
protein. can be fused to the S‘ end of the coding sequence of
KGF,,, 1-23 The DNA sequence at the junction of the two

‘amino acid sequences optionally encodes a cleavable site. as

discussed in Buropean Patent Application. Pubhcauon No.
196 056.
An example of a DNA sequence that encodes the
N-terminal portion of the fusion protein is the sequence
cnmdmg at least a portion of yeast 'or hiuman superoXide

Ala Y 14
dismutase { Q{\“ } f‘a{ ﬁtheSSw‘.‘;' in yeast, Ancther

example is the sequence encoding at least a portion of the
ubiquitin protein, preferably, containing the sequence that
encodes the cleavage site or its processing enzyme, the
ubiqumn-spccnﬂcpmccssmg protease; Sce* e.g.. PCT Appli-
cation’ Publ. No. W 88/024066.

KGF toxin conjugates suitable for use herein can be
produced by methods known in the art. for example, U.S.
Pat. Nos. 4.771.128. 4308 'I(}S. and 4,§94.443 and PCT
Application, Publ. No. WO 92/04918.

The present invention includes variants and modifications
of the above that do not subsmnually alter the nature and
activity of the fmgmmt. conjugate; therapeutic composition,
vector, host, and meghods of use and that are apparent to 2
person of ordinary skill i in the art.

EXAMPLES

The examples presented below are provided to demon-
strate the present invention, and-are not to be construed as
limiting the ifvention in any. way.

Example 1
The Production of a KGF Coding Sequence Linked to a
Signal Peptide -

PCR techniques were applied to the construction of the
KGF 4, coding sequence linked to a stgna! peptide. SEQ ID
NO: 1. The sigual peptide was one that was associated with
the native KGF, ¢, coding scqumwe* as-described in Finch et
al., Science 245:752~755(1989).

The following primers- were.used 1o clone the KGF ¢,
coding sequence and its Signal peptide from a human kidney
<DNAlibrary:

SEQ ID NO: 4 (sensc priwer)
- Met His Lys Tip Be  Lew®
5 AGA'lCmAGCTATA ATG CACAAA’!’GGATACIGS

prixer).
Noti Swp Thr Tie . Ala Met Pro Leu Phe®®
5 AGA'[CIGCGGQOGC TTAAGT TAT TOCCAT AGG AAG AAA Y

%mecwhﬁedmm&qumgusanNo 3.
AL ded by the s e of the:p
Mhmﬁdzwuhﬁeﬂuﬂmtﬂﬁo 5,

As shown in thc ences, abow: in addition to the
KGF ¢, coding sequence and the signal peptide. additional
nucleotides were uwo;pa:atsd at the 5' and the 3' ends,
respectively. The additional sucleotides include a Pstl site at
the S' end, and a Notl site at the 3" énd of the respective
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primers, to facilitate cloming of the KGF,,, a coding.
sequence and its signal peptide into the desired insect cell
transfer vector. (Sec Example 2 below.)

To generate the desired KGF, 4, DNA molecule, 1 pl of
each primer, at a final concentration of 1 M. was added to
2.5 gl or approximately 10 ng. of human kidney cDNA
library. obtained from Clontech, Palo Alto, Calif., US.A.
The following reageats from the Perkin-Elmer PCR it
Norwalk, Conn., US.A.) were also added to the pnmcﬂ
cDNA library: 16 pl of 1.25 mM dNTP, containing equirno-

5

10

lar amouats of each of dATF, dTPP. dCTP and dGTP, 10l -
of 10x buffer. 0.5 plof Taq polymetase. at 5 units/mk; and 69 -

jl of water, PCR was performed on a DNA Thermat Cycles.
from Perkin Elmez, Norwalk, Conn., U.S.A., as fallows 94°
C. for 1 minute, 55° C. for 2 minutes, and 72° C. for 3
minutes. This temperature cycle was repeated 30 times. The

resulting PCR product was treated with DNA Pofl (Klenow) -

and then phenol/chloroform extracted. chloroform extracted,
and ethanol precipitated, respectively.’

The PCR product was digested with ! PstI and Notl and get
purified before ligation.

Example 2
The Production of a KGF Insect Cell Expression Vector

The purified PCR product, comprising the KGF ¢, coding
sequence and its signal peptide, was inserted into a bacu-

lovirus transfer vector. The specific . baculovirus used s -

Auatographa californica. nuclearpoly&cdmsxs vxrus
(AcNPV).

The purified PCR product from Example 1. digested thtx
restriction enzymes Pstl and Notl, was Hgated to pAcC13,
which was also digested with Pstl and Notl pAcC13 is a
baculovirus transfer vector and is dcpmwd in FIG. 2. This
plasmid was derived from pAcC12, 4s described in Mun-

eraitsu et al., Mol. Cell. Biol. 10: 5977*5982 (1990) and 2

derivative of the pVL941 transfer vector. the construction of
which is described in Quilliam et al.. Mol. Cell. Biol,

is

10:2901-2908 (1990); Luckow et al., Wrol. 17031-39 -

(1989); and Smith et ak.. Mol Cell. Bio 3012y 2!56—-2165
(1983).

The transfer vector further contains a polylinker conve-
niently placed between the baculovirus polyhedrin promoter
and terminator. The DNA sequence of the polylinker com-
prises unique restriction sites. Thus, by digesting thie transfer
vector with the Pstl and Not sites within the polylinker, the
KGF,q, coding sequence and the signal peptide can be

inserted between the polyhedrin promoter and terminator, 1.

addition, the transfer vector contains sequences fram the
essential gene of AcNPV baculovirus. The trausfer vector
was named pAcc/KGF.

Example 3

The Production of 2 Recombinant Baculovirus Capable of
Expressing the KGF Coding Sequenac

‘The transfer vector with the KGF, 4, coding sequence and
its signal peptide insert was. transfected together with a
mutant baculovirus into Spodoptera ﬁugtpcrda SF9 cells,
The mutant baculovitus is a derivative of AcNPV that lacks
a functional essential gene. This mutant baculoviras must
recombine with the trapsfer vector to produce a2 viable

baculovirus. To increase the number:of recombinants, the-

mutant baculovirus was linearized with Bsul. In this regard.
several Bsul sites were incorporated into the mitant bacu-
lovirus for this purpose. This mutant baculovirus is similsr

40

. recombinant virus isoiation ‘was
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to the baculovirus desciibed in Kitts- et al., Biotechnigues -

14(5):810-817 (1993).

20.

A. Prepamﬁan of Recombinant. Baculovirus

First, 1x10° SF9 cells were seaded per well in 2 6-well
plate containing 2 mi of a complets TNMFH medium. The
cells were incubated for at Jeast 30-minutes at room ter-
perature to aliow the cells to attach to the plate. The
complete TNMFH medium contained GRACE'S medium
obtained fromiRB Biosciences. Leexa. Kans.. US.A. and
supplemented with 10%(v/v) fetal ‘bovine serum (56° C.
heat inactivated for 30 minutes), 3% (w/v) Yeastolate
(Difco. Detroit, Mich., U.S.A.), and 1% (v/v) Fungi-BACT
(Irvine Scientific, Santa Asa. Calif.. US.A.).

For addition to each of the above wells, the following
transfection “mixture ‘Was initially separately prepared by
figst, adding 05 mi of GRACE'S mediym containing no
supplement into a sterile 1.5/l eppendoif tibe; next, adding
0.5 pg of lincarized mutant baculovirus DNA and,
approximately, 2-3 pg'of the ‘transfei vector containiog the
KGF, 45 coding sequence and the: ﬁgndpmmiasm. This
is approximately a 4:1 ratip of transfer vector to mutant
baculovirus, Finally, the cstionic liposome solution, BRL
CamIog #82828A (fmm BRI, Gaithersburg, Md.. U.S.A)
was mixed thoroughly. and 10 pi of this liposome solution
were added to. the bawlowms mixture. This transfection
mixture was incubated at room. tcmpmm for 15 minutes.

Before the wransfection mixture was added to the cells in
the wells, the TNMFH medium was removed therefrom, and
the cells were washed with 1-2 ml of GRACE’S medium
‘without supplements. When the msfmuon mixture was
finally prepared, as described ‘above. all the media were
removed from the SFY cells, and the transfection mixture
was added dropwise 1 the cells. The 6-welf plate was then
covered with parafilni to reduce évaporation of the trans-

fection mixeure. The plate wes rocked slowly at room

temperamreforappmxmatci four hours on a Belico®,
catalog no. #77 . Vipeland. NI, U.S.A., side/side
rocking platform at seamg 2.5

After the incubation of the cells with the transfection
mixture, O.Smlofoompiete'rmlme&mwas added to
the cells and the mixture was incubated at 27° C. in a
humidified chamber (92%) far 48 hours. Thereafter, the
medium containing recombinant baculovirus was removed
from the cells and stored at 4° C. until the plaque assay for
This medium
constituted the pnmaxy soarce of the récombinant virus.

After the medinm was removed from the cells, 2 mi of
complete TNMEFH wese added to the cells, and the cclls were
further incubated in  humidified chamber (92%) at 27° C,
for another 48-72 hours. This final step was pexformed to

‘provide a back-up source of recombinant vitus and to

provide a visual record of the viral mfccm)n

B. Plaque Purification of the Rmombmant Bacuxovuus

The recombinast KGF baculovirus: prepared as above
were plaque-purified according to the following steps:

First. 4 ml of SFS cells at wa’ceilslml in GRACE'S
medium wege plated on 60 mm LUX dishes, catalog #5220,
The cells were incubated at room temperature for 20-30
mmumtoalﬁowﬂwceﬂstoadhacmﬂxcpm In the
meantime, !hcmsdlnmconmimnglh&pﬁmmy source of
recombinant virus was diluted irgo 2 miof TNMFH medium
at 1:10, 1:50, 1:100.aad 1 200dﬂnuons After the celfs were
allowed to adhiere. the medjum was aspirated from the
adherent celis, and the various dilutions of the recombinant
virus were added quickly so as not to allow the celis to dry.
The cells werg then incubated for 1 hom‘at27°C.ma
humidified chamber (92%).

Ten minutes before the incubation was complete, an
agarose solnt;on was prepared. A 2x concentration of
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GRACE'S medium supplemented as bcforc was heated to
37° C. Only the amount used for the assay ‘was heated;
otherwise, proteins may precipitate ypon repeated heating.
When the 2x medium was warm, a'3% (wfv) Sea Plaque
agarose mixture in water was melted in a microwave and
immediately mixed 1:1 with the 2x ‘medium. The agarose
solution was then allowed to cool at T00m femperature for
several minutes.

The viral medium was aspirated : from the cells in the
dishes by tilting the dishes slightly ‘on the hood rim. The
dishes were then drained for a few seconds and aspirated

again to remove as much liquid as possiblc. This second -

aspxrat:on step was included to reduce the likeliliood of virus

and causing indistinct plaques. Six dlshcs or fewer
were handled at a time fo avoid drying the cells. The
aspirated dishes were never left cxposed with the lids off for
more than a few seconds.

Next, 4. ml of the agarose solution were added to each dish
and left undisturbed for 15 minutes; The agarose overlay
was dried by lifting the lids to the side of !heplate to permit
the agarose to dry for approximately 25 minutes. Then. the
dishes were covered with the lids. and the cclfs were
incubated in a humidified chamber (92%) for 4 days at 27°
C. ‘

To facilitate visualization of the plaques, the dishes were
stained with 2 ml per dish of 25% (w/v) Sea Plaque agarose

in complete TNMFH mediom with 0,01% (v/v) neutral wd,:

from Sigma, St. Louis, Mo., US.A. 'I'hc agarose overlay was
dried at room temperature for about one hour with the lids
on, before the dishes were returned to a humidified chamber
(52%) at 27¢ C. for 3-4 hours. The neutral red dye was
incorporated by the viable but not the dead cells,

When the plaques were well-resolved. 7 individual plugs
wmp:ckedwxﬁ:astcrﬂc?aswmpxparandeachwas
transferred to | mi of complete TNMFH. The plugs were
incubated for 2 days at room temperature. The plugs were
then vortexed, and the plaque assay was repeated with 50 jit
of this solution.

C. Expansion of the Plaque Purified Baculovirus

To expand the viral titers, 3—4 plugs of each baculovirus
clone from the second round of plaque purification were
placed directly onto cultures of SF9 cells. The cells were
plated at 2.5x10%well in 6-well plates with 2.5 mi of
complete TNMFH medium. The cells and virus were then
incubated for approximately 4 hours at 27° C. in a humidi-
fied chamber (92% ).

For the second round of expanslon. all the virus from the
6-well plates were transferred to 10.cm dishes. The 10 cm
dishes were plated with 7,5x10° cells in 7.5 ml of complete
TNMFH media. The cells and virus were incubated for
48-72 hours at 27° C. in a humidified chamber (92%).

After this infection, the cells were ﬁxoroughly screencd for

any wild type virus contamination that appeared as infectéd

cells containing occlusion bodies. No occlusion bodies were

observed. The resulting recombinant baculomns was named

KGF-5 and was deposited with the American Type Culture
Collection (“ATCC™) at 12301 Pazkiawu Drive, Rockville,
Md., US.A. 20852-1776 on 17 Jun. 1993, Accession No.
VR2A411.

Supernatant from the sccond baculoviras expansion round

was tested for KGF bioactivity. Also, the crude supernatant
was fun on a sodium dodecyl sulfatc polymyhmide gel
clocu-ophorcsxs {“SDS-PAGE"} gel, 'and stained with Coo-
massie blue to confirm the cxpressmn of KGF,

22
Example 4.
Baculovirus Expression of a KGF Coding Sequence
SF9 ‘insect cells were infected with the recombinant
baculovirus, as described in Example 3. o provide a large of
amount of recombinant KGF ﬁagmmfs for purification and

 analysis.

Mote cx:ﬁcauy SF9.cells were dilmed to a cell density

of 1xm‘ cedls/ml in Excell-400 (FRH Biosciences. Lenexa,

Kans. US.A) Theeeﬂswmseededmmcwma 1Lor2
L. shake flask with 300.md or S%!ﬁofmcdwm.rcspec
tively. Virus. from the second expansion {described in
Example 3, section C) wasused to inoculate the celis at 10%
{v/¥) dilution. The cells dnd virus were shaken at approxi-
mately 131 rpm-with the caps of the shake fasks loosencd
to provide an- adzqumtc air supply. The ceﬂs were incobated

"2t 27° C. for 48 hrs.

Conditioned mediam from the iacubated cell culture

- above was collected by centrifuging the cell culture at

15.000xg for 10 minutes at 4° C. to remove the cells. Next,
the conditioned medium wgs filiered with an 0.8 jm cellu-
lose nitrate filter (Mimpore) Approximately § liters of this
conditioned medium was. copcentated to 200 ml using a
filtron cassette system (Omcga membrane), having a 3 kD
molecular weight cut-off. The. pH of the retentate was
adjusted to 7.2 with IN NaOH and the small amount of

. precipitate was removed by centrifugﬂtx(m at 10.000xg for

45
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20 minutes at4° C.). The oonocntrated couditioned medinm
was then unmndxatcly applied to a Heparin Scpharose@
{(“HS") resin ooium,m :

Emmple 5
Purification of a KGF4,;,; Fragment
Recombinant KGF,,,, o, from the concentrated condi-
tioned mcdiumdcscxibedmmanwcﬁwaspunﬁedby HS
affinity chromatography. followed by Motio S cation
exchange chromawgtaphy The recombinant KGF,, 23
bound to the HS was eluted using step-wise salt gradient.
Next, the recombinant KGF,,,.5 ¢luted from the HS
column was bound to-the Mono §-cation column and was
eluted using a linear salt gradient. -
E\n'merdctmlsofdwprocedumtﬁﬂtwdmdcsmbcd
below.
A. Heparin Sepharose® Affinity Chromatography
First, the. concentrated. conditioned medium from
4 was allowed to pun for approximately 2 hours at
4°erwgha301ulbedefﬁ8rﬁm The column was

"equilibeated in a buffer containing 150 mM NaCl, and 10

mM Tris-HCl at pil 7.3. Once the concentrated conditioned
medium was loaded, the column was washed extensively
with the equilibration buffer until the absorbance at 280 nm
returged to baseline. Then. pmemwas eluted from the HS
column with -an increasing step-wis¢ NaCl gradient, The
NaCl concentrations were 0.45M. 1M, and 2M NaCl, in 10
mM Tris-HCl at: pﬂ 7.3. The fiow-rate of the column dusing
elution was approximately 90 mlfhr and 3-ml size fractions
were collected.

The fractions: were tested for KGF biuactmty utilizing
Balb/Mk cells. The assay is described in section C below.
The fractions with the lughcst bioactjvity were eluted with
1M NaCl and were pooled. Before the pooled fractions were

- loaded onto the next column, the fractions were diluted

65

five-fold with 10 mbi “Tris-HCY st gH ° ? 2 to a final salt
concentration. of 0.2M NaCl.

B. Mono $ Cation Exchange Chromatography

The pooled fractions eluted from ‘the HS column were
toaded with a Super loop-onte 4 Mono § column linked to
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an FPLC system (Pharmacia. Piscataway, N.J.). The Mono

S caﬁon exchange column was equilibrated with 10 mM
Tris-HC at pH 7.2. When the pooled fractions were loaded. -
the column was washed cxtensively at a flow rate of 1

ml/min. with the equilibration buffer unﬁl the. absorbance

returned to baseline. Then, protein was cluted from the.

column with a linear NaCl gradient, 0.2M to 1M NaCl in 10

mM Tris-HCl at pH 7.3 at a flow rate of 1 mi/min., and 1 mi’

fractions were collected.

Two major protein peaks of activity were found that
cluted at about 0.55M NaCl and 0.60M NaCl . Fractions.
across the protein peaks were assaycd for bloactivity and:

subjected to SDS-PAGE analysis. The results of the gel’

analysis (not illustrated) showed that protein from 0.55M
and 0.60M NaCl fractions exhibited an spparent molecular
weight of 27 kD and 18 kD. respectively.

When the bioactivity of the fractions was determined. the

18 kD protein was found to exhibit at least a 2-, but more
particularly a 7-10 fold more activity than the 27 kD protein,
or than the positive conmtrol, the acidic fibroblast growth

factor (“aFGF™), as shown in FIG. 5. The bioactivity of the: -

fractions were tested using BaltyMk cells. (See section C.
below.)

To determine the amino acid sethnce of the eluted
protein, two 100 pmole samples of the 27 kD and 18 kD
proteins were subjected to Edman degradation after cen-
trifugal adsorption to polyvinylidene difiuoride (PVDE
Applied Biosystems Prospin). The samples weare loaded
onto an Applied Biosystems 470A or 473A protem
sequencer. Twenty rounds of Edman degradation were car-
sied out using standard software and chemicals supphed by
Applied Biosystems, and xdentxﬁcauonzs of PTH-amino acids
were made with an automated on-line HPLC system (FFH
analyzer 120A. Applied Biosystems).

Using standard methodofogy well known in the art, an
unambiguous amino acid sequence was established for posi-
tions 1 to 20 of the N-terminal of the 18 kD protein, which
is KGF,,,; 13- The sequence was as follows:

SYDYMEGGDIRVRRLFXRTQ(SEQID
NO: 7). The N-terminal sequence of the 27 kI protein is
identical to the N-terminal sequence of KGF 4.

C. KGF Bioactivity Assay Utilizing Balb/Mk Cells

KGF bioactivity was assessed by the ability of the frac-
tions to promote growth of BALB/C-Mk celis.

Stock cultures of Balt/Mk cells were grown and main-
tained in low calcium DulbeooosmodxﬁedBaglcmadlum
supplemented with 10% fetal boviné serum. 0.2 sg/mi
fungxmnc. and 10 ng/mj aFGF. The celis were incubated at
37° C.in a 10% CO, atmosphere with 9% hamidity. For the
bioactivity assay, the cells were seeded in 12-well plates &t
a density of 5x10° cells per well in| 1 ml of medium as
described above for the stock cnltures and as described in
Gospodarowicz etal.. J. Cell. Physiol. ;142: 325-333(1990),

Ten microliter aliquots of the desired column fractions
were diluted into { ml of 0.2% (wfv), gelatin in phosphate
buffered saline (“PBS™). Ten mmhters of this dilution were
added to Balt/Mk cells seeded in 12-well cluster plates
containing 22 mm webs. at Sx10° cells per well, and a 10:pi
aliquot of either the diluted column fractwns or medium
containing 10 ng aFGF were added ta the cells every other
day.

After five days in culture, the cells were trypsinized and
the final cell density was determined using a Coulter®
counter. The cells were released from ﬁnc plates byrcplamng
the culture medium with a solution contanung 0.9% NaCl.

3s

45

2%
0.01M sodium phosphate (pH 7.4), 0.05% trypsm and
0.02% EDTA (STV). The cells were .incubated in this
solution for 5-10 minutes at 37° C., and. then the stock
culture medigm was added to the cells, The cells were then
counted using' a Coulter® counter (Coulter Electromics.
Hialeah, Fla., US.A.). Results shown in FIG. 4 demon-
strates the effect of different dilutions of tKGF,,, ., and
rKGF g3 on Baib/Mk czlls as corapared fo aFGF, The figure
legend for FIG. 4 is as follows: O=KGF,,,; 23 9=KGF ;.
and [(3=aFGF.

Theﬁnalccndcnsmywasgaphmasafuncuonofpwtem
concentration. The protein concentration is graphed on a log
scale. The protein concentration was détermined by Brad-
ford assay according o instructions accompanying the pro-
tein assay kit from BIORAD (Richmond, Calif., US.A)

The ED,, was calaﬂated by {(a). dividing in balf the
difference between the lowest and highest cell density value
of the curve; and (b), determining from the graph what
protein concentration mwponds to that cell density pum-
ber obtained in (a). Accorcang 0 FIG. 4. the EDy, for sFGF
was found t6 be approx 500 pg/ml. that fof fKGF ¢,
was about 250 pg/ml. and that for KGF,,,,,.,; was about 24
pefral. The results ‘of this- assay demonstrate that rKG-
F4us1-23 Was about 10-Fold more active than rKGF, .

The exact ED,G for the proteins may vary from assay to
assay, but the ratio of the activity betwesn the long and short
form of KGF i at least 2'fold," pwferab}y at Jeast a 7-fold,
more prefezably, about 7-10 fold. even maore preferably. at
feast 10 fold. Even a 50-fold-difference in activity had been
observed.

For. example, the ‘bioactivity assay ;was repeated with
different or with the same preparations of fKGF g, and
1KGF 4,123 The results of one of the assays showed that the
EDg, nerGF;G, ﬂnd !RGF&,L..” Wm ‘600 pg/mL and 80
pe/ml. respectively, about a 7-fold increase in activity.
Another assay demonstrated a 50:-fold difference between
the long and short form of KGF In this later. assay.
KGF,,,,_»; cxhibited an EDs, of 30 pefinl, and KGF 45
exhibited an ED, of 1500 pg/ml. In view of the fact that the
tast bicassay was doue. twa(Z) months after KGF isolation,
the data’ suggest that upon storage, KGF,g; lost its bicac-
ﬁVﬁy faster m KGFMx.zg,

D. Abscnce of KGF Bioactivity on ABAE or ACE Cells

KGFcanbccharaﬂeﬁZadbyﬁslackofwumyon
vascular endothelial cells derived from large vesscls
(“ABAE™) or, Clpﬂhl‘j celis (*ACE") as’ compared with
basic FGR (“bFGF™). Stock cultires of ABAE and ACE cells
were grown and maintained in low caleium Dulbecco’s
modified Eagle medium. supplcmnwd with 10% bovine
serum, 0.25 pg/ml fongizone, and 2 ng/mi bFGE. The cells
were incubated at 37°°C. with a 10% €O, concentration and

. 99% bumidity:

38

60
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In the mitogenic assay, cither 10* ABAE or 5x10° ACE
cells were plated per well in 12-well pfates in stock culture
medium, as described is- owicz et al., Proc. Natl
Acad. USA 713:4120-4124 (1976), Gﬁspodamwcz et al,
Cell. Physiol. 127:121-136 (1976); and Gospodarowicz et

al.. Proc. Natl. Acad. {JSA 86:7311-7315 (1989). Ten micro-

liter aliquots of the fractions to be tested were diluted into 1
m of 0.2% (wiv) gelatin. in phosplme buffered saline
(“PBS™). Ten microliters of this diution was added to cells
seeded in 12-wel cluster plates. A 10 pl aliquot of either the
diluted pmfwd tKGF medium coataitiing fractions or 2 ng
bFGF was added every other day.
After five days in culture, the cells wese trypsinized and
the final cell density was determined using a2 Coulter®
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counter. The cells were released fromﬁ:e i)mes by replacing.

the medium with a solution containitg 0.9% NaCl, 0.01M
sodium phosphate (pH 7.4). 0.05% uypsm. and 0.02%

EDTA (STV). The cells were incubated in this solution for

5-10 minutes at 37° C.. and then the stock culture medium

was added to the cells. The cells then' were counted usinga

Coulter® counter (Coulter Electrt}mcs Hialeah,
US.A)

Resuits shown in FIG. 5 demonstrates the lack of acﬁvity :

of both TKGF ¢, and rKGF,_,, ., on ABAE cells and ACE
cells. in contrast to bFGF. Similar observations were made
using vascular smooth muscle cells. corncal endothelial
cells, ovarian grandulosa cells, and BkH-21 fibroblasts:
Although bFGF did stimulate the proliferation of these
various cell types, neither tKGF, ¢, or IKGF .5, had any
bioactivity.
Example 6

Construction of a KGF,,,;_,, Yeast Vector for Secretion by
Yeast Cells

This example describes the construction of a yeast expres-
sion vector for secretion of KGFy,,,2; by transformed yeast
cells in accordance with the present invention, .

Specifically. the components of the expeession vector
construct: KGF,,,,, ., coding sequence operably linked, at
its §' end. to a glyceraldehyde-3-phosphate dehydrogenase
{“GAPDH") promoter and the coding sequence of the first
35 amino acid residues of the Saqcharomyws cerevisae

SEQ ID NO: 12 (senwe)

5

Pro Mll.ys

5CC6 ©CG GCT
B

1102

SEQ ID NO: 14 (antisense)}

26
SEG ID NO: & {semst}
Bualll )
$ GOTOGTGOATCOCCAGCTTAGTICATAGHTCC 3

‘SEQ ID NO: 10 (satisess).

‘His Oln Asp Vel Phe Arg Lys Ala Pro Be Gln Als®
TMGTMGITMCGMWMAGCCGGMTWTGC3

*As wodedbyﬂwmmcwlpiememof&m
mmmumwdmmsmmummsaemno9

Rcagents for generating the BamHI/Bpu11021 fragments
by PCR: 1 pl of each primer (100 pmolés/ul); 1'pl of the
template, pGAI? at ~500. pg/mi, and the following reagents
from Perkin Elmer PCR kit (Norwalk, Conn.): 8 ul of dNTP

{1.25 mM cach of dATP, dTPP. dCTP, and dGTP). 10 il of

10x buffer, 0.5 pl of Tag polymerase, and’ 63.5 pl of water.

The temperature cycle for PCR: 94° C. for 1 minute, 37° C.

for 2 ‘minutes; and 72° C. for 3 minntes. Number of

repetitions of this temperatyre cycle: 30, Purification of the

PCR product of ~414-bp by gel purification, aud by the use
of a Geneclean kit by bic101, La Jolla, Calif., U.S.A.

B. Construction of the Bpu 11021/8&!1 KGF ;.23 Coding
Sequence Fragmcnt .

The origin of the Bpull02U/Sall KGF,,, ,, coding
sequence fragment: by PCR using the: pAchGF baculovi-
rus transfer vector described in E 1and2.

The primers for PCR of the BpullﬂZIfSalI KGF 523
coding sequence: .

Arg  Ser . Tyr Met  Glu Gly Gly*
G _COA AGT TAT GAT TAC ATG Gaa GGA QGG

Stop Tht De Aln Met Po Ley Ple Ris*®

SGGT GGT GIC GAC TTA AGT TAT TGC CAT AGG AAG AAA GIGY

“The
*As

sequence is listed as SEQ ID NO: 11

-

of the pri nndlt!\e sptide s listed 93 SEQ ID NO: 13,

dod by the 1

prepro o-factor leader sequence and, at its 3' end, to the
Saccharomyces cerevisae a-factor tmmmator

The fragments for this construct:

(1) a BamHUBpu 11021 fragment containing the GAPDH
promoter and the truncated prepro o-factor leader con-
taining a functional signal peptide;

(2) & Bpull02V/Sall fragment encoding KGF,,,,,..5: and

(3) a BamHY/Szll vector fragmeat of the yeast expression
vector, pBS24.1. containing the o-factor terminator,
leucine. and uracil yeast selectable markers, and 2p
sequences as an origin of rcphmon

A. Construction of the BamHIinullOZI Promoter/

Leader Fragment

using pGAI7 as a template. The plasmid pGAI7 is describod
in Buropean Patent Application, Publication No. 324 274
This piasmid contains the same BamHI cxpression cassette
as pYGAIY. which is available at the ATCC as Accession
No. 67597, Plasmid pGAI7 contains approximately 400 bp
GAPDH promoter fragment, as described in Travis al., J.
Biol. Chem. 4384-4389 (1985). and the prepro o-factor
leader sequence that encodes the N-terminat amino acid
residues 1-35.

‘The primer for the PCR of BammIBpuuﬁzl promowd
leader fragment:

40

s SO0

e

Reagents for generating. the BpuHOZIISaJI KGF . 23
coding sequence by PCR: 1 pl of each priraer (100 pmoles/
l), 1 pl of the ternplate, pAce/KQF. 4t 500 pg/ml, and the
following reagents from Perkin Flmer PCR kit (Norwalk,
Conn,, US.A.): 8 pb of dNTP (1,25 mM each of dATP.

4TYP, dCTR. dGTP), 10 | of 10x buﬁet 0.5 jil of Taq
polymerasc. and 63.5 ul of water. The ature cycle for
PCR: 94° C, for 1 minute, 37° C. for 2 minutes, and 72° C.
for 3 minutes. Number of repetitions of this rature
cycle; 30. Purification ofdxcPCRproductof~414bpbygcl
purification, and by use of a. Gs:ncclm kit by bio101, La
Jolla, Calif., US.A.

C. Constryction of the BamHI/Sall Vector Fragmeat

The sourde of the BamHi/Sall vector fragment: by digest-
ing the yeast expression Vector pBS24.1 with BamHl and

55 Sall.
The source of the BamHI/Bpu11021 fragment: by PCR -

60

pBS24.1 is a yeast expression vector that is derived from

PAB24. pBS24.1 contains the o-factor terminator; the 2y

sequences, as a-yeast origin of rcphatmn, selectable mark-
ers for uracil and leacine in yeast; aid an ampicillin resis-
tance gene, effective in E, coli. This yeast expression vector
also contains a human FGF coding sequence which can be
excised by digestion with BamHI and S2ll enzymes and
isolating the lacger vecfor fragnieat.

Plasinid pAB24 is a yeast shuttle vector that contains the
complete 2 sequence, as described 4n Broach, Molecular
Biology of the Yeast Saccharomyces, Cold Spring Harbor
Press 1:445 (1981) and pBR322 sequences. It #lso coatains



5,677,278

27

the yeast URA3 gene derived from plasmid YEp24, as

described in Botstein, et al., Gene 8:17 (1979 and the ycast-

LEU* gene derived from plasmid pCl/1. as described in
Buropean Patent Application, Publication No. 116 201.
Plasmid pAB24 was constructed by digesting YEp24 with
EcoRI and religating the vector to yemove the partial 2p
sequences. The resulting plasmid,
ized by digestion with Clal and ligated With the complete 23
plasmid which had been lincarized with Clak The resulting
plasnud, pCBou, was then digested with Xbal and the 3605

ctor fragment was gel i isolated  This jsolated Xhbal

&ag;x:;?w‘;s lggawd with a 4460 bp Xbal fxagment con-

taining the Leu™ gene isolated from pC1/1; the arientation

ofdxeLEU"gcnexsmﬂ:csamcdnmﬁonastthW»

gene. Insertion of the expression cassette was in-the unique

BamHI site of the pBR322 sequences. this interrupting the

gene for bacterial resistance to tetracycline.
Plasmid pBS$24 is a derivative of pABZ4 as dcscribed.

Plasmid p AR2A wac di g‘&"h{' with ‘Rmm nnd Qm mhinh

cut within the tetracycline gene of the pBR322 sequenees
and gel purified. The vector was then ligated with a synthetic.
adapter of the following sequence whzch created new unique.
BglIl and BamHI sites:

(SBQ ID NO: 15)
Byl BamHI
5 GATCAGATCTAAATTTCCCOOATCC-3
TCTAGATTTAAAGGOCCTAGGAGCT (SEQ ID NO: 16)
(BamHI) (Salh)

The resulting vector. pAB24ABL was then digested with
BamHI annglIIandgclpm.ﬁcd.Thchncarwed vector was
ligated with the BamHI cassctte cxcised and purified from
pSOD/env-5b to give pBS24. The cassette contains the
hybrid ADH-2/GAPDH promoter and o-factor terminator
with an Ncol-Sall insert of the SOD!env-Sb fusion gene. The
cassette is oricnted in pBS24 such that the dircction of
transcription from the ADH-2/GAPDH promoter is in the
opposite direction to that of the macuvated tetracycline gene
of the pER322 sequences.

pBS24.1 contains a BamHE/Sall fmgmant encoding the 40

human FGF protein instead of the SOD/env-5b in pBS24. s -
described in U.S. Pat. No. 5,156.949. The relevant vector

SEQ ID NO: 18 (sense)
' Mot Ser
5'GT TGT TIC ATG AGT

SEQ ID NO: 14 (antiscnse)

p24AR L, was lmear '

Stop Thr
S'GGI'GGTGXCGAC FIA AGT TAT TGC CAT AGOC

28
Host for expression: Saccharomyces cerevisae.

Method of inwoducing | the expression vector into host
cells: by electroporation, as described in “Guide 1o Yeast
Genetics & Molecular Biology.” in Methods in Enzymology.
5 Vol. 194 (Academic Press 1991).

Selection of transformants: on wra. with 2% glucose
medium.

Seed culture of transformants: overnight incubation in 1
10 ml of leu with 2% glucosc medjum at 30° C. in a'shaking

apparatus,

For production of TKGF,,,;.; expression: 20 ml culture
seeded with the overnight culture in um with 2% glucose

s medium, for approximately 72 hours.

Example 8

Construction of a KGF;,,,”,” chst Vectcr for Intraceliular
Yeast Expression :

% “This example describes a procedure for construction of a
yeast expression vector, for inttacellular expression of the
KGOF g, 01.2 by transformed yeast ¢ells, in accordance with
the present invention:

Specifically, the components of the expression vector:
I(C}F‘,,,i~23 coding sequence. ahybrid yeast promoter and an
o-factor terminator.

‘The fragments for mnéauﬁion of this vector:

{1) BamHI/Ncol fragment containing me ADH2/GAPDH
promoter;.
@) BspIWSaII fragment encoding KGF 4,2 and
3 Bam!ﬂlSaiI vector fmgmcm of the yeast expression
veetor, pBS24.1, containing the Saccharomyces cerevi-
sae o-factor mminm leucine and uracil yeast select-
able markets. and 2y sequences as an origin of repli-
cation.
A. Construction of a KGF 523 Coamg Sequence
Construction of the BspHUSall KGF,,,, ;; coding
sequence fragment: by PCR using the pAcc/KGF baculovi-
rus transfer vector, as” dcsaibcd in Bxample 1 and 2,
The primers for PCR: -

35

Tyr Asp Tyr Met Gl
TAT GAT TAC ATG GAA

e Al

%mmszmmNo 17.

"Mmdadbyﬁcmm«s

fragment of pBS24.1 is present, in pBS24. 1bBMP.
pBS24.16BMP is the same as pBS24.1 except is coutains a
BarnHI/Sall bovine BMP expression cassette instead of the
human FGF protein. The vector gBSM 1bBMP was depos-
ited with the ATCC. Rockvilie, Md.. U.S:A.. on 1 Jun. 1989
under Accession no. 20949,

Example 7

Expression of tKGF,,,, ,, by Yeast Cells

The procedure for cxprcssxon of rKGF,,,, 3 in accor:
dance with the present invention:

The secretary expression vector: as described in Example
6.

plement of the primer, aad the peptide squest

is listsdt a8 SEQ ID NO: 12.

Reagents for construction. of the BspHE Sall KGF ;2>
coding sequence by PCR: 1 4l 'of each primer (100 pmoles/
pl) 1 ulofti'sctcmplat&.pﬁm at~50()pgfml.and!he
following reagents from Perkin Elmer PCR kit (Norwalk,
Conn.): amofml’l’(llsmeahofdM'P 4TPP, dCTP,
and dGTP), 10 p of 10x buffer. 0.5 gt of Tag polymerasc,
and 63.5 pl of water. ThewmpemmcydeforPCR 9%4°C,
for 1 minute, 37° C. for 2 minutes, and 72° C. for 3 minutes,
Number of 1 n;xﬁtaons of the tempaaturc cycle: 30. Purifi-
cation of the PCR product of ~414 bp by gel purification.
and by use of a Geneclean kit by biol01, La Jolia. Calif.,
U.S.A

55



5,677,278

29
B. Construction of a BamHI/Ncol Promoter Fragment
The source of the BamHI/Ncol promoter fragment; by
digestion of pSI3 containing a superaxidase dismutase
(SODYinsulin fusion yeast expression cassette comprising a

BamHI/Ncol. ADH2/GAPDH hybrid'promoter, to release a-

fragment of about 1366 bp containing the hybrid promoter
sequences. )

pSI3 is a derivative of pYASIL. which was deposited with
the ATCC. Rockville, Md.. U.S.A. 6n 27 Feb, 1985, and
assigned Accession no. 20745, The construction of pYASH
is described in U.S. Pat. No. 4.751.180. pYASI contains the
same BamHI/Ncol hybrid promoter fragment as pSI3.

C. Construction of the BamHIISalL pBS24.1 Vector Fmg»
ment

Source of BamHI/Sall pBS24.1 vector fragment: by
digestion of pB$24.1 with BamHI and Sall and isolation of
the large vector fragment, as descnbed in Example 6, section
C.

Example ¢ .

Intraceltular Expression of rKGF ., by Yeast Cells

Procedure for intraceliular expression of rKGF 423 by
yeast cells in accordance with the prcscnt invention: ’

Expression vector for intracellnlar expression in yeast
cells: as described in Example 8. -

Host cells for transformation; Saccharomyces cerevisae.

Method of iatroducing cxpresswu vector into host celis:
by clectroporation, was described in “Guide to Yeast Genet-
ics & Molecular Biology,” Methods in Enzymology. Vol. 194
(Academic Press, 1991).

Selection of transformants: on ura with 2% glucose
medium,

Seed culture of transformants: ovetmght incubation in 1
ml of leu with 2% glucose medium'at 30° C. in a shaking
apparatus. Culture for production of rKGFy,-2y 2 20 ml

3& B
culture sceded with the overnight culture in ura with 2%
glucose medium for approximately 72 hours.
Deposit Information:
“The following materials were d@posued with the Ameri-

can Type Culture Cp&lcmonv

Virus Narne Deposit Date  Accsssion No.

Aummﬂuaﬂﬁmdw 17 fun 1993

nuclearpolyhedrosis virus, KGF 5 .

VR2411 '

&wmdww%§KMﬂ 29 Dec 1997 67597
Saccharomyces cerevisie . 1 Jup 1989 20949

pBS24.168BMP ‘

Saccharomyces acmm. 2150—3-3 27 Febs' 1965 20745

pYASH

The sbove materials have been deposited with the Ameri-
can Type Cultuze Collection. Rockville, Md., under the
accession numbers indicated. This deposit will be main-
tained under the tefms of the _Budapest Treaty on the

- International | Rccogmuon of the Deposit of Microorganisms

for purposes of Patent Procodure. The deposits will be
maintained for a period of 30 years following issnance of
this patent. of for the ‘enforceable life of the patent, which-
ever is greater. Upon issuance of the-patent, the deposits will
be available to.the public fmm the ATCC without restriction.

These deposits are prov:dad amerely as convenience to
those of skill in the art, and- are not ag admission that a
deposit is required: undcr 35 U.S.C. §112. The sequence of
the polynucleotides contained within the deposited
materials. asweﬂasﬂxealmm acid sequence of the polypep-
tides encoded thctcbyw are incorporated herein by reference
and are controlimg in the event of any. conflict with the
written description of sequénces Reréin. A license may be
mqmredtomakc use, or sell the deposited materials, and no
such license is graated hereby,

: SEQUENCE LISTING
{ 1 ) GENERAL INFORMATION:
¢ i i 1 ) NUMBER OF SEQUENCES: 19
( 2 ) INFORMATION FOR SBQ ID NQ:t:
¢ i} SBQUENCE CHARACTERISTICS:
( A ) LENGTH: 154 soiino acids
{ B ) TYPE: amino acd
( € ) STRANDEDNESS: single
( D Y TOPOLOGY: Snenr
{ i 1 ) MOLECULE TYPE: pvotein '
( = i )SBQUENCE DESCRIPTION: SEQ ID NO:k:
Met His Lys Trp Ile Lews Thr Trp $le Leuw Pro Thr Lew Leouv Tyz Arg
1 s 10 13
Ser Cys Phe Hil'llo*l}a Cys Leuwv Val Gly Thr tle Ser Leu Ala Cys
20 25 ’ 3a’
Asn Asp Met Thr Pre Gilu Gla Met Alxn Thr Ase ¥Yal Aras Cys Se1r Sor
38 490 45
Pro Glu Arg His Thy Arg Ser Tyr Asp Tyt Mes Gin Gly Gly Asp lle
50 . 5s 60
Arg Val Arg Arg Leuv Phe Cys Arg Thr Gla Trp Tyr Lew Azg Ile Asp
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Lys Arg Gly Lys Val Lys Gly Thr Gla Gluo Met Lys Asnr Asn Tyr Ara
85 . 90 . ) 93

e Mot Glu Tle Arg Thr Val Alse Val Gly 1le Val Als I Lys Gty
100 ' 1038 1
Val Glu Ser GIuw Phe Tyr Leu Alas Met Asn Lys Glu Gly Lys Leuw Tyr
t135 124 125

Ala Lys Lys Glau Cyé Asa Ole Aiy Cys Asn Phe Lys OGlun Les [ls Leu
130 ! 135 140

Glu Asn His Tyr Ass Thr Tyr Ala Ser Alas Lys Trp The His Asy Oly
145 1590 155 ) ‘160

Gly Gilu Met Pbe Val Ala Leua Asa Gla Lys Gly Lle Pro Vel Arg Gly
165 1190 175

Lys Lys Thr Ly Lyé Giu Gla Lys The Aia His Phe Leuv Pro Met Als
180 : 185 N 190

Tle Thr

{ 2 ) INFORMATION POR SEQ ID NO:X:

( i ) SBQUENCE CHARACTERISTICS: |
{ A }LENOTEL 23 amino scidi
(B )TYPB aminowcid
( € ) STRANDEDNESS: single
{ D ) TOPOLAKIY: finear

(i i ) MOLECULE TYPE: protein
( x i ) SBQUENCE DESCRIPTION: SEQ ID NO:2:

Cys Asp Asp Met Tht Pro Glu Gl Met ALY Thr Ass V3! Aru Cys Sex
1 5 16 | ts

Ser Pro Glu Arg His Thr Arg
20

( 2 ) INFORMATION FOR SEQ ID NO=3:

( i ) SBQUENCE CHARACTERISTICS:
{ A ) LENGTH: 6 xuino acids
( B ) TYPE: mmino acid .
(€ ) STRANDEDNESS: sigle
{ D ) TOPOLOGY: kinexr

(i i )} MOLBCULE TYPB: poptide
(% i ) SBQUENCE DESCRIPTION: SBQ I} NO:3:

Met¢ His Lys Trp 1le Leu
1 5

( 2 )INRFORMATION FOR SEQ ID NO#&
( 1 ) SBQUENCE CHARACTERISTICS:
{ A ) LENGTH: 35 base pain
{ B ) TYPE: mclac acid :
{ € ) STRANDEDNESS: singlc
{ D ) TOPOLOGY: limear
{ i i ) MOLBCULE TYPE: DNA (gosomic)
(li)%@ﬂﬂﬁﬂﬁﬁﬂﬂ@hﬂnmN&&

AGATCTICTOC AGCTATAATG CﬁCAAATGGA TACTQG 35

{ 2 ) INFORMATION FOR SEQ 1D NO:S:

( i ) SBQUENCE CHARACTERISTICS:
(A ) LENGYH: 7 amino acids
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{ B ) TYPE: sminc acid
(C)mnuummmsum#
(D ) TOPOLOGY: linex

€ 1 1 ) MOLECULE TYPE: peptide

{5i)S %%Euwgwuweﬁgmsas

Thy I1le Ala Metr Pro Lewun Phe
1 s
( 2 ) INFORMATION FOR SEQ ID NO$:
( 3 ) SBQUENCE CHARACTERISTICS:
(A)UNMHSahnmm
(u;xtru mm
{ © ) STRANDEDNESS: siagle
{ D ) TOPOLOGY: lincar
( i 1 ) MOLBCULE TYPE: DNA (genomic)
{ % i ) SBQUENCE DESCRIPTION: SEQ ID NOS:

AGATCTOCGO CCOCTTAAGT TATTOCCATA QGkKGAAA . 38

{ 2 } INFORMATION FOR SEQ ID RO:7:

( i ) SBQUENCE CHARACTERISTICS;
( A ) LENGTEH: 20 amino ackds
¢ B ) TYPE: amino acid
¢ € ) STRANDEDNESS: siagle
¢ D ) TOPOLOGY: lisear

(i i) MOLECULE TYPE: peptide

€ 2 3 ) SBQUENCE DESCRIFTION: SBQID NO:T:

Ser Tyr Asp Tyr Met Glu Gty Gly Asp 1le¢ Avg Val Azg Arg Lou Phe
b 3 10 ‘13

Xas Arg Thr Gla
290 !
{ 2 ) INFORMATION FOR SBQID NO:§: |
{ i ) SBQUENCE CHARACTERISTICS:
¢ A Y LENGTH: 32 basc pairh
( B )TYPE: muclkic sid
( C ) STRAMDEDNESS: single
{ D ) TOPOLOGY: lincar
( i i ) MOLECULE TYPE: DRA (genomicy
( % i ) SBQUENCE DESCRIPTION: SBQID NO:8:

GGTOGTGOGAT CCCTAGQGCTTA QTTCATAOOT ce 32

( 2 ) INFORMATION POR SEQ ID NO9:
{ 1 ) SEQUENCE CHARACTERISTICS:

( A Y LENOTH: 11 amino acids
( B ) TYPE: saino acid
¢ € ) SIRANDEDNESS: aingle
( D ) TOPOLOGY: lincar

{ i i) MOLECULE TYPE: peptide

(xi)mmmmmmmmmnmwﬁdmnm&

Hie Glc Ass Val Phe axg Lys Ala Pro Ile Gla Ala
L 5 10

{ 2 ) INFORMATION FOR SBQ 1D NO:10:

{ i ) SEQUENCE CHARACTERISTICS:
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( A } LENGTH: 36 base pairs |
{ B ) TYPE: sucleic acid
( € ) STRANDEDNESS: single
( I ) TOPOLOGY: fincar

(i3 ) MOLECULE TYPE: DNA (goncesic)
(x i )SBQUENCE DESCRIPTION: SBQ ID NOSIG:

GTGTTOGTTA ACGAATCUECT TAGCCOGGAAT TTOGTOC

{ 2 ) INPFORMATION FOR SBQ ID NO:11:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 12 smino scids
{ B ) TYPH: amino acid !
( C ) STRANDEDNESS: singlo
( D ) TOPOLOGY: lincar

{ i § ) MOLBCULE TYPE: peptide

(xi )semmcsnﬁscnmon:saquxsz

Pro Als Lys Arg Sez Tyr Asp Tyr Met Gluw Gly Gly
t 3 10

( 2 ) INFORMATION POR SEQ ID NO:12:
(i )swmcamcrmsncs-.f
{ A ) LENGTH: 39 bese pairs |
{ B ) TYPE: mcleic acid
( € ) STRANDEDNESS: single
{ D ) TOPOLOGY: lincac
( i i ) MOLBCULE TYPE: DNA (geaomic)
{ x 1 ) SBQUENCE DESCRIPTION: SEQ 1D NO:12:

CCOGCCOOUCTA AGCOAAOTTA TOGATTACATG GAAGGAGGG

{ 2 ) INFORMATION FOR SEQ ID NO113:

(i ) SEQUENCE CHARACTERISTICS: .
{ A ) LENOTH: 8 amiino acids
{ B ) TYPE: amino scid
( € ) STRANDEDNESS: single
{ D ) TOPOLOGY: linesx

(i3 ) MOLECULE TYPE: pepride :

{ * i ) SEQUENCE DESCRIPTION: SBQ ID NO:13:
Thr Tle Als Mot Pro Lew Phe His
t 5

( 2 ) INFORMATION FOR SBQ ID NO:14:
{ i ) SEBQUENCE CHARACTERISTICS:
{ A ) LENGTH: 39 basc pars’
{ B )TYPE: miclic acid
{ C ) STRANDEDNESS: single
{ D ) TOPOLOGY: hawar
(i % )MOLECULE TYPE: DNA (geacmsic)
{ x i ) SBQUENCE DESCRIPTION: SEQ [D NO:i4:

GATGOTATCA ACTTAAGTTA TTOGCCATAQGO AAGAAAGTG

( 2 ) INFORMATION FOR SEQ ID NO:15:

( i ) SBQUENCE CHARACTERISTICS:
{ A ) LENGTS: 25 base pairs
(B ) TYPE: wucleic acid
{ € ) STRANDEDNESS: single

36

39

39
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{ D ) TOPOLOGY: finom '

(3§ )MOLBCULE TYPE: DNA (goncmic)

(% i ) SBQUENCE DESCRIPTION: SEQ 1D NO:15:
GATCAGATICT AAATTTCCCO {urcc , ) 25
( 2 ) INFORMATION FOR SBQ ID NO:16:

( i ) SBOUENCE CHARACTERISTICS:
A YLENGTH: 25 besc pains
( B ) TYPB: aocleic scid
¢ C ) STRANDEDNESS: single
{ D 3 TOPOLOGY: Timear
(i 1 ) MOLECULE TYPE; DNA (goacmic)
(% i )SEQUENCE DESCRIPTION: SBQ Y NOui6:

TCTAGATTTA AAGGGCCTAG GAGCT - 25

( 2 ) INFORMATION POR SEQ 1D NO:17:

( i ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 9 smino acids
{ B ) TYPE: amino acid
( C ) STRANDEDNESS: sitghe
( D ) TOPOLOGY: Eoow

(i & ) MOLBCULE TYPE: DNA (geaowic)
(% i ) SBQUENCE DESCRIFTION: $EQ ID NOu#¥:
Met Ser Tyr Asp Tyr Met Gin Gly Gly
1 5
( 2 ) INFORMATION FOR SEQ ID NO:18:
( i ) SBQUENCE CHARACTERISTICS:
{ A ) LENGTH: 35 base peiey
( B YTYPE: mucleic acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: hncay
(i i ) MOULECULE TYPE: DNA (gcuomic)
( x i ) SBQUENCE DESCRIPTION: SEQ ID NO:13:

GTTATTTCAT GAGTTATGAT TACATGOAAG GAGGG ) ¥Ss

{ 2 }INFORMATION FOR SEQ ID NO:19:

( i ) SBEQUENCE CHARACTERISTICS:
( A ) LENGTEE: 99 buse pairs
( B ) TYPE: aucleic acid
{ € ) STRANDEDNESS: single
{ D } TOPOLOGY: Gnew

(% i )MOLBCULE TYPE: DNA (gencemic)
{ i x ) FEATURE: ,
{ A ) NAMEREY:- .
( B Y LOCATION: 13..16 }
(¢ D } OTHER INPORMATION: /faote= “The figave di wot contsin
( x i ) SEQUENCE DESCRIPTION: SEQ I NO:9:
TATAAATATT CCGOOGCOCE0 ATCOOTACCA GATCTACAGA ATTCTAGAOGG ATCCTGATCA 60

GCTAQCAGAG CTECQCQEECCY .CLOCQOECCAT AéCOACTCT N ‘ 7 e9
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What is claimed:

1. A keratinocyte growth factor fraggncnt that exhibits at
least a 2-fold increase in-mitogenic activity ‘as ccmparcd to’
a mature, recombinant, full-length keratinocyte growth
factor, wherein the fragment lacks the first 23 N-terminal

amiuo acid residues of the mature, full-length keratinocyte:

growth factor but retains the remainder of the molecule.
2. The keratinocyte growth factor fragment as claimed i

claim 1. wherein the fragment exhibits'a 7-fold increase in

mitogenic activity as compared to the ;namtc. recombinant.
full-length keratinocyte growth factor.

3. The keratinocyte growth factor fragment as claimed in
claim 1, wherein the fragment exhibitsja 10-fold i increase in
mitogenic activity as compared to the mature, recombinant,
full-length keratinocyte growth factor.

4, The keratinocyte growth factor fragment as claimed in
claim 1, wherein the fragment exhibits decreased cytotox-
icity as compared to the mature, rccombinaat. t'ull-lcngth
keratinocyte growth factor.

5. A composition comprising: ‘

(a)a kzratmocytc growth factor fragment that exhibits at
feast a 2-fold increase in mitogenic activity as com-
pared to the mature, recombinant, full-length kerati-
nocyte growth factor, wherein the fragment lacks the

first 23 N-terminal amino acid residues of the mature, -

full-length keratinocyte growth factor but retains the
remainder of the molecule, and

(b) a carrier.

6. The keratinocyte growth factor ftagmv:nt as claimed in -

claim 1 having the amino acid sequence depicted at amino
acid residues 24 to 163. inclusive, of FIG. 1 (amino acid
residues 55-194, inclusive., of SEQ ID No: 1).’

7. An analog of the keratinocyte growth factor fragment
as claimed in claim 6, wherein the analog differs from its

1s

30

40
keraﬁnocy&cgwwﬂwfm&agnwnmt'damehaanat
least one- conservative substitution selected from the group
of substitutions consisting of a substitution of a leucine with
an isoleucine or an iscleucine with a }wcxnc‘ a substitution
cfalaxcmcwm:avahneoravﬁmewnhaicuane 2
substitution of an aspartic.acid with . glutamic acid or a
glutamic acidwnhmaspn:ﬁcamdandasubmﬁonofa
threonine with a serifie or a serene with a threonine and
further wherein the anslog exhibits the biotogical activity of
the kmﬁmcyac growth factor fmgmcnt.

$. An analog of the keratinocyte growth factor fragment
as claimed in claim 6. wherein the analog differs from its
keratinocyte growth factor fragment of claim 6 in having at
least one cysteine residuc substituted by. another amino acid
and further wherein the analog exhibits the biological activ-
ity of the keratinocyte growth factor fragment.
9. The analog as claimed in claim 8. wherein the cysteine
residue is replaced with serine or threanine.
18. A composition com;msmg .
{a) the keratinocyte growth factor fragment as claimed in
claim 6, and
(b) a carrier.
11. A compeosition corprising:
(a) the analog as claxmed in ctazm 7, and
{b) a carriet,
12, A composition. compmmg‘ .
(a) the analog as claimed in clmm S, and
(b) a cartier. ' ‘
13. A composition comprising:
{a) the analog as clammd in claim 9, and
(b} a carrier.



